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EXECUTIVE SUMMARY

The N.L. Industries site is an abandoned secondary lead
smelting facility in Pedricktown, Salem County, New Jersey. The
Delaward River is approximately 1.5 miles to the west of the site,
and the nearest home is within 1000 feet of the site.

In 1972, the facility began recycling lead from car batteries.
The sulfuric acid wa removed for treatment and the casings crushed
and buried in an on-site landfill. From 1973 through 1980, the New
Jersey Department of Environmental Protection (NJDEP) cited the
facility for numerous violations of state air and water standards.
In 1982, N.L. Indistries signed an Administrative Consent Order
(ACO) with NJDEP to conduct a remedial program at the site. 1In
September 1983, the U.S. EPA added this site to the National
Priorities List (NPL) designation. 1In February 1983, the facility
was sold to National Smelting of New Jersey (NSNJ). An amended
ACO was signed by N.L. Industries defining cleanup
responsibilities.

In 1986, N.L. Industries signed a consent order with the EPA
whereby the firm assumed responsibility for conducting a long term
Remedial Investigation/Feasibility Study (RI/FS) of the site. This
was approved by the EPA on June 17, 1987. The EPA in 1989 provided
site security by repairing existing fencing, and installing 900
feet of new fence to enclose the site. Slag pile encapsulation and
general site cleanup was also done at this time.

There are several areas of contamination; processing buildings
and equipment, slag piles, lead oxide piles, and other waste
materials, such as deteriorated drums, fiber packs, and standing
water. Each of these areas potentially presents a hazard to the
public health, welfare and the environment.

Based on sampling and analysis of the waste streams, it was
recommended that the hazardous materials be removed from the site
before completion of the Remedial Investigation/Feasibility Study
(RI/FS). The Removal Action/Feasibility Study (RA/FS) will address
the available methods to remediate the site. All contaminated
debris will be separated and staged on-site before implementation
of removal action alternatives.

Because of the high 1lead content (20%), the proposed
decontamination method of the solid hazardous waste material is a
hydro-metallurgical process, similar to that used in the metal ores

industry (see Sections 4.9 and 5.6). The lead oxide piles are best
addressed by recycling. The process buildings will be
decontaminated by using a bleaching/hydroblasting method. (See

Section 4.10, 4.11 and 5.7).

NLD 001 0050



This process will remove the 1lead dust from within the

buildings. (See sections 4.9, 4.10, and 5.6). The standing
surface water and the building decontamination water will be
treated by ion exchange. (See sections 4.13 and 5.8).

Each of the technologies has been proposed with the health of
the public being at the forefront. Other factors taken into
account are the technical, institutional, and cost considerations
associated with the site. Alternatives to these technologies are
outlined in Table 6-1.

Cost of the various proposed treatment alternatives is shown
in Table 6-1 on Page 88. ‘
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INTRODUCTION

This Feasibility Study Report presents the conceptual engineering
analysis of possible remedial actions to address contamination at
the NL Industries site in Pedricktown, New Jersey. This report has
been prepared under U.S. EPA TAT Contract Number 68-01~7367, in
accordance with the Comprehensive Environmental Response,
Compensation and Liability Act (CERCLA) as amended by the Superfund
Amendments and Reauthorization Act of 1986. Roy F. Weston Technical
Assistance Team (TAT) 1is the 1lead technical firm for this
investigation.

1.1 SITE HISTORY

The NL Industries site is an abandoned secondary lead smelting
facility situated on 46 acres of land, approximately 1.5 miles from
the Delaware River in Pedricktown, New Jersey (Figure 1.1). A
residential area is located within 1000 feet of the site.

In 1972 the facility began the operation of recycling lead from
spent automotive batteries. The batteries were drained of sulfuric
acid, crushed, and then put through the lead recovery process at
the on-site smelting facility (Figure 1-2). Plastic and rubber
waste material were buried in an on-site landfill. The site came
to the attention of the New Jersey Department of Environmental
Protection (NJDEP)in 1973 and 1980 due to the violation of state
air and water regulations. Water pollution vioclations were
primarily directed at the battery and slag pile storage areas. NL
Industries entered into an Administrative Consent Order (ACO) with
NJDEP in 1982 to conduct a remedial program. That same year the
site was placed on the National Priorities List (NPL).

In 1983 the NL property was sold to National Smelting of New
Jersey, Inc. (NSNJ). NL and NSNJ signed an Amended ACO with NJDEP
which defined cleanup responsibilities. NSNJ ceased operation in
1984 and declared bankruptcy. The bankruptcy case was dismissed in
October, 1985. NL signed a consent order in 1986 with EPA whereby
NL assumed responsibility for conducting a long term investigation
at the site.

A public meeting was held on June 29, 1988 at which time EPA
outlined the scope of RI/FS to be conducted at the site. Local
residents expressed concern regarding the facility. Said concerns
addressed: the need for a perimeter fence to limit public access;
the threat of fire; and the contamination of shallow residential
potable water wells. In December 1988 the EPA funding was approved
and the EPA responded in April 1989 to local concerns by: repairing
the existing fence; erecting an additional 900 feet of chain link
fence; posting warning signs.

NLD 001 0052
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In June 1989 the EPA confirmed the presence of highly reactive
and hazardous materials in the facility warehouse. An additional
funding was approved on September 1989 for removal and recycling
of hazardous materials; warehouse building security; and
encapsulation of four slag piles.

1.2 OBJECTIVES OF FEASIBILITY STUDY

The objective of conducting a feasibility study (FS) was to
identify feasible technologies and alternative approaches
applicable to the removal of slag piles, other hazardous waste
materials, process building decontamination, and standing water of
the site. Based on the analytical results of the variocus waste
streams, the identified technologies may be applicable for both on
and off-site treatment. Additionally, the identification of
remedial alternatives helps to evaluate the most cost-effective
engineering solutions.

Specific goals of the FS included the following:

Waste characterization (Section 2)

Public health evaluation (Section 3)

Treatment technology screening (Section 4)

Evaluation of remedial action alternatives (Section 5)
Comparative analysis of alternatives (Section 6)

[N O TR o NN o v

2.0 WASTE CHARACTERIZATION

A preliminary site investigation conducted in 1989 obtained one
hundred and ten hazardous waste materials and seven water samples
from five waste streams (slag %iles, lead oxide pilgs, other
hazardous waste areas, process uildings, and standing water)
(Figure 2-1). The waste samples were collected in order to
identify the nature of contaminants released at site. These samples
were analyzed in accordance with the Contract Laboratory Program
(CLP) protocol. The laboratory data from sampling are included in
Appendix. Table 2.1 summarizes the analytical results of each
waste stream. The five waste stream characteristics and laboratory
results are discussed as follows:

2.1 SLAG PILES

The slag piles consist of loose and dusty residual slag generated
from the smelting and lead reclamation operations and stockpiled
in outdoor bins. The four (4) piles (A, B, C, and D in Figure 2.1)
were estimated to contain a volume of approximately 5,000 cubic
yards. T -
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A bituminous asphalt encapsulant (protective coating) was applied
in April 1989, providing a protective coating to minimize airborne
dispersion of dust particulates and rain water leaching of fines.
Thirty one (31) samples were obtained from these slag piles and
analyzed for elements from the Hazardous Substances List (HSL)
inorganics. The analytical results are summarized in Table 2.1.
The concentrations of iron and lead found in the slag piles ranged
from 10,000 to 264,000 and 8,950 to 252,010 mg/kg respectively.
The remaining HSL inorganic concentrations were lower in magnitude
and found in all the samples.

2.2 LEAD OXIDE PILE Kpb

The waste material is found in piping, drums, tanks, piles, and
the process and ventilation equipment in the buffer storage
building (Figure 2.1) . The Action Memorandum of ---- 1989,
indicates that the lead oxides are located in the sweater furnace,
clarifiers, filter drums, thickening tank and acid tank. The report
also indicates that the 1lead oxide has high potential for
contaminant release into the environment via airborne lead dust and
surface water runoff due to the deterioration of the containers.
Three (3) samples were obtained from these wastes and analyzed for
HCL inorganics (see Table 2.1). The concentration of lead and iron
found in these wastes ranged from 101,000 to 437,000 and 10,500 tQ
28,300 mg/kg. Cadmium, arsenic, aluminuni, magnesium and’ antimony
were also found in moderately higher concentration than remaining
metals.

2.3 OTHER HAZARDOUS WASTE AREAS

There are numerous deteriorated empty drums, deteriorated drums
with waste materials, fiber packs, dross (material skimmed), kiln
slag, furnace bricks, scrap metal piles, feed stock, tyvek, battery
material, and other debry materials scattered throughout the site.
Fifty three samples were obtained from these areas. Lead and iron
concentration levels found in the hazrdous waste areas ranged from
531 to 60,500 and 141 to 34,900 mg/kg. The remaining HSL inorganics
concentrations were 3 to 4 times, and sometimes even 5 to 6 times
higher concentrations than the slag and lead oxide piles. The list
of HSL inorganics and their concentration ranges are given in Table
2.1. Based on the analytical results, one can predict the relative
threat to public health and the environment. A public health
evaluation is presented in Section 3.0.
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TABLE 2.1
-
| BsL |
|  1noRGANICS J-eememmm e |
[ I A I
| -ememeoenemeneneae |-mnemennanees |--eee-
|cas wo. |PamamETER| MIM - MAXx | MIN
|-weneeees [-emeeees |-meeeeeneeeee- - remneeeeees
|7429-90-5|Alusinua | 2180 - 20800 | 1010
|7440-36-0|Antimony | 67.7 - 3040 | 123
|7440-38-2|Arsentc | 116 - 3se0 | 224
|7440-39-3|Bartum | 12.8 - 1360 | 13
|7400-21-7|Becyllium] 1.5 - 6.9 | 2.3
|7840-43-9|Cadatus | 39.5 - 359 | 22.4
|7440-70-2|Catetum | 1560 - 8320 | 2510
|7440-a7-3|Chromivm | 31 - a0 | 163
|7400-48-4]Cobale | 12.1 - 268 | 338
J7s00-s0-8jCopper | 430 - 8390 | 1330
|7439-89-6|1ron | 32800 -167000 | 68000
|7439-92-1|Lead | 13300 -193000 | 49600
|7439-95-4|Magnestum| 612 - 13500 | 319
|7439-96-5|Manganase| 149 - 1610 | 4.3
|7439-97-6|Mexcury | 0.065 - 0.71 | 0.069
|7400-02-0fN1ckel | ®4.0 - 1070 | 1®
|7840-09-7]Potassium| 2650 - 68400 | s360
|7782-49-2|Selentun | 0.83 - 2.4 | o0.63
|7040-22-4|St0ver | 2- 8| 3
[7440-23-5|Sodtua | 2370 - 67300 | 5140
|7440-28-0|Thallaum | 0.03 - 3.7 ] 0.9
|7840-62-2|Vanadtum | 96.4 - 633 | 293
| 7440-66-6|2ine | se7 - es30 | 1700
l |Cylnldo I l
L

UNITS = mg/kg

*s UNITS » ug/liter

SUMMARY OF CHEMICAL CONSTITUERTS IN DIFFERENT WASTE STREAMS

NL Industries, Pedricktown, New Jersey

SLAG PILE o | LEAD OXIDE « | OTHER WASTE & |DECONTAMIMATION *|
--------------- | k] EOSTEEERERE TR | PILE | AREA |  sorbInG |
3 | c | D | | | vIrE saPLEs |
--------- T sy IO
- omax | omMe - omax | omIn - Max | wIN - MAX | MIN - max | MIN - x|
R J-roeeranenanas |-emenenenaeas [-roemnneneeeees |--ormeenneneeass I

- s100 | sooo - 8200 | 2370 - seso | s73 - 1210 | 1s.4 - 16000 | 0.024 -  32.7 |
- 19000 | s00 - 3150 | 7.4 - 2100 | 1490 - 2790 | 1.3 - 3594000 |0.0084 -  56.2 |
- esa2] 877- 1380 ] 178 - 2990 | 293 - 614 ] 0.8 - 38000 [0.0009 - 17.4 |
- ara | 72- 2590 ] 301- 2930 | 10- 220] 0.15- 11000 | 0.004 - 1.4 |
- 12| 4a- 10| 1.2- 93| o055- 0.65|0.010 - 14.9 |0.0007 - ©0.036 |
- 211 ] 162 - 1460 | 42.4 - sa9 | 205- 50| o0.97 - 11300 |o.0012 - 3.7 |
- 14100 | 6020 - 8950 | 4270 - 14100 | 15350 - 3130 | 13 - 146000 | 0.063 - 91.2 |
- 150 | 342- 140 | 218- 7240 | 140- 151 | 0.95 - 20000 |0.0024 - W
- 30| 29.1- 96.4| 8a1- 103| 43- 98| o.07- 183 |o.0049 -  0.13 |
- 10| 1s10- 060 ] 408 - 3090 | 132- 61| 2.1 - 14900 | o - 17 |
-186000 [129000 -264000 | 10000 -254000 | 10500 - 28300 | 141 - 349000 | 0.46 - 677 |
-252010 | 85700 -226000 | 8950 -151000 |101000 -437000 | 531 - 60s000 | 0.88 - 552 |
- 3860 | 791 - 2390 | 83 -10100 | 233 - 1020 | 3.3- 13900 | o0.28 - 9.9 |
- 920 935- 2030 ] 237 - 1640 | 60.1 - 210 | 0.96 - 3290 | o - 5.5 |
- 0.76 | o.08 - 0.26 | 0.072 - o0.16 | 1- 1.6 ] 0.03 - 64 Jo.oo01 - o.019 |
- 63| s3- 10| 112- 2620| 138- 32| 1.4 - 3780 |0.0087 - s.2 |
- 61800 | 17500 - 46300 | 6530 - 63700 | 11200 - 44800 | 101 - 66000 | 0.073 - 70 |
- 11| 11- 1.3)] o8- 1.5] 0.73- o0.86 | 0.087 - 43.5 |Jo.coo7 - o.08s |
- 12| e9- 1| 2a4- 15| 27- 89| o0a2- 93 |o.o02s -  0.37 |
- 63100 | 19700 - 48700 | 5930 - 63900 | 12800 - 48600 | 61.9 - 69400 | 0.3 - 7.9 |
- 12| 1a2- 27| om- 1.5] o8- o0as]| 0033 - 7.4 |o.0009 - 0.003 |
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2.4 WIPE SAMPLES FROM PROCESS BUILDING

The process building walls, ceiling, floors, structural members,
piping, process and - ancilliary equipment (dust collectors,
conveyors, and exhaust systems) are covered with dust. A total of
twenty one (21) samples were obtained from the decasing dryer,
refining kettles and casting machine buildings. The analytical data
indicates high concentrations of lead, iron, cadmium, nickel, and
copper metals throughout the building. Remaining metals such as
aluminum, cobalt, arsenic, and vanadium were found 1in lower
concentrations, probably in combination of lead-associated dust
released from lead smelting operation. The HSL inorganics detected
in the wipe samples are shown in Table 2.1.

2.5 STANDING WATER

The standing water is runoff from precipitation. Water emanating
from the slag piles was brownish-red in color and has contaminated
areas within the plant. The standing water stored approximately 1
million to 1.5 million gallons. Seven (7) samples were collected
(Figure 2.2). The samples were analyzed in accordance with CLP
protocol. The concentration of lead and iron found in the water
ranged from 160 to 4,390 and 89 to 2,420 micrograms per liter.
Magnesium and potassium were also found in moderately higher
concentrations than remaining elements. Table 2.1 summarizes the
analytical results. The HSL parameters were detected in high
concentrations in pooled areas and in low concentrations in non-
pooled areas.

3.0 PUBLIC HEALTH EVALUATION

The purpose of this Public Health Evaluation (PHE) is to assess
the potential impact on public health and environment from the
possible release of hazardous substances at the NL site. This
baseline assessment evaluates the site 1in the absence of
remediation and therefore, constitutes an evaluation of the no-
action alternative. This study follows the guidelines established
by EPA for removal action under the National Contingency Plan (NCP)
Section 40 CFR 300.65(b) (2).

When NSNJ ceased smelting operations in 1984 the site was abandoned
and a great deal of office equipment and laboratory chemicals, as
well as other miscellaneous items, were left behind. These items
attracted trespassers and many acts of vandalism and theft occurred
until the chain link fence (described in Section 1.1) was erected.

The potential risks to human health associated with the NL site
have been assessed based on the waste characterization described
in Section 2.0. The analytical data attached in Appendix A
indicates the presence of high concentrations of lead, arsenic,
cadmium, barium and beryllium. These are the indicator chemicals
which suggest a health and environmental risk based on toxicity
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(Ref. 1986 b and 1986 c¢). The present conditions at the NL site
meet the- following criteria for a removal action under the NPL
guidelines:

o Actual or potential exposure to nearby populations,
animals, or food chain by hazardous substances, (300.65

(b) (2) (1)) .

The threat of direct contact is high, especially to
trespassers entering buildings which contain hazardous
waste materials.

o Presence of hazardous waste material in bulk storage
containers, slag and lead piles or other wastes that may
pose a threat of release (300.65(b) (2) (iii)(v)). Most of the
hazardous wastes stored or disposed of on-site are relatively
stable. However, the chemical constituents in the slag piles
even after encapsulation are known to be discharging into the
environment. The airborne and stormwater run-off exposure
pathways are considered to be the greatest threat to human
health.

3.1 IDENTIFICATION OF EXPOSURE PATHWAYS

An exposure pathway consists of the following elements: (1) a
source and mechanism of chemical release to the environment; (2)
an environmental transport medium for the released chemical (e.gqg.,
air, surface runoff); (3) a point of potential human contact with
the contaminated medium (referred to as an exposure point); and (4)
a route of exposure at the exposure point (e.g., ingestion,
inhalation, or dermal contact). The source of contamination have
previously been identified as an air-borne and surface runoff
resulting from the slag piles, other hazardous waste areas and
standing water at the site. The following paragraphs address
release mechanism, transport mechanism, potentially exposed
populations and exposure routes relative to each of the potential
exposure media - air, and surface runoff.

3.1.1 AIR

Prior to the encapsulation of slag piles, the slag pile dust of
ferrous sulphate and lead oxide were detected on the aluminium
sidings of homes, automobiles, and etched concrete. The high
concentration of lead, iron, cadmium, antimony were detected in
the air-borne dust samples by NJDEP in ---- 1980. Therefore, the
short-term encapsulation alternative on four slag piles might
succeeded in reducing air releases.
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Releases of contaminants to air may occur from wind erosion of slag
piles and other hazardous waste materials at the site. The foure
slag piles were stored on-site in open bins and paved ground
surface. Consequently, the potential for erosion of dusts by wind
is high. The concentrations of lead, iron and other HSL inorganics
detected in the residential and site vicinity are significant due
to the airborne dust concentrations at potential downwind
receptors.

3.1.2 SURFACE WATER

Samples of standing water collected in November 1989 were found
high contamination of lead, iron and other HSL inorganics. The
contaminants of HSL inorganics are presented in the Table 2.1.
The contamination in standing water is suspected of orginating from
an slag piles and other hazardous waste material discorded on the
site. The bottam sediment in standing water and flooding water
revealed off-site contamination due to the surface runoff from the
hazardous waste materials are significant exposure pathways from
the NL site.

3.2 DEVELOPMENT OF CLEANUP GOALS

Under the Superfund Amendments and Reautherization Act of 1986
(SARA), EPA is to consider maximum contaminant levels (MCLs) and
maximum contaminats goals (MCLGs) developed under the Safe Drinking
Water Act (SDWA), Federal Ambient Water Quality Criteria (AWQC),
and National Ambient Air Quality Standards (NAAQS) to be potential
Applicable or Relevent and Appropriate Requirements (ARARs) for use
in risk assessment at superfund sites. The following remedial goal
has been established based on the potential impact on public health
and the environment posed by contaminants at the NL site. The goal
is to eliminate or reduce airborne dust and hazardous waste
material contaminants to acceptable risk-based levels.

The State of New Jersey recognizes both the importance of
considering the relationships amoung various Federal and state
regulations in setting cleanup levels, and the difficulty in
applying any single set of criteria to all sites. Table 3-2
contains a 1list provided by the New Jersey Department of
Environmnetal Protection (NJDEP), of all major potentially
applicable state environmental regulations. Significant aspects of
cleanup criterias are presented in Tables 3-1, 3-2 and 3-3.

12
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TABLE 3-1 MAXIMUM CONCENTRATION OF CONTAMINANTS FOR
“CHARACTERISTICS OF EP TOXCITY

EPA Hazardous Contaminants Maximum Concentration
Waste Number (mg/1)

D004 Arsenic 5.0

DO0S Barium 100.0

D006 Cadmium 1.0

D007 Chromium 5.0

D008 Lead 5.0

D009 Mercury 0.2

D010 Selenium 1.0

D011 Silver 5.0

Source: 40 CFR 261 Sub part C 261.24 (b), 1985
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TABLE 3-2 ECRA CONTAMINANT CLEANUP LEVELS REQUIREMENTS FOR
- HAZARDQUS WASTE SITE

Inorganic Concentration in
Constituents '

Soil Ground Water

(mg/kg) (ug/1)
Antimony 10 -
Arsenic 20 50
Barium 400 1000
Beryllium 1l -
Cadmium 3 10
Chromium 100 50
Copper 170 1000
Lead 100 50
Mercury 1 2
Molybdenum 1 -
Nickel 100 -
Selenium 4 10
Silver 5 50
Thallium 5 -
Vanadium 100 -
Zinc 350 5000
Source: Environmental Cleanup Responsibilty Act (ECRA)

Guidelines, New Jersey Department of Environmental

Protection,

l1988.
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TABLE 3-3 NATIONAL INTERIM PRIMARY AND SECONDARRY DRINKING WATER

STANDARDS

Contaminants Primary Secondary

(mg/1) (mg/1)
Arsenic 0.05 -
Barium 1.0 -
Cadmium 0.01 -
Chromium 0.05 -
Copper - 1.0
Iron - 0.3
Lead 0.05 -
Manganese - 0.05
Mercury 0.002 -
Selenium 0.01 -
Silver 0.05 -
Zinc 5.0
PH - 6.5 - 8.5

Source: 40 CFR Part 141 Sub part B 141.11 (b) and Part 143.3,
July 1985
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4.0 TECHNOLOGY SCREENING

In this section, potential remedial technologies are screened for
specific suitability under existing NL site conditions. In the
initial identification process, appropriate technologies were
sought which would address, by means of contaminant source control,
potential health risks associated with direct contact.

Tethmotegqtes Tor direct Tremedtatton-of the five (5) waste streams
were considered. In addition, comparisons were made between

technologies for on-site versus off-site treatment, and for removal
(excavation) versus in-situ treatment. Each technology is described
and its relative suitability evaluated according to the following
criteria:

o] Areas of site to which applicable,
o Technical considerations, and
o Environmental/Institutional considerations.

Based upon these considerations, the technology was either retained
for further consideration or eliminated. Relative cost estimates
are given in Section 5. However, 1in accordance with SARA
guidelines, cost alone is not used to eliminate technologies.

The technologies selected for evaluation are presented in Table
4.1.

4.1 NO REMOVAL ACTION
4.1.1 DESCRIPTION

Under this alternative, no further removal action would take place
at the site. Contamination would be left in place. No changes in
contaminant levels would be expected except those resulting from
natural process (leaching and weathering). Site security upgrading
would require improvements to the fencing around the site,
including additional barriers and warning signs at the fence to
discourage trespassing. Fence inspection and maintenance programs
would be continued.

The security control measure would be improved to further restrict
access. A monitoring program would be implemented to identify
changes in site conditions over time and to warn of increasing
exposures or health threats.

4.1.2 AREAS OF SITE

This technology is applicable to all areas of the site.

16
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TABLE 4-1

IDENTIFICATION OF FEASIBLE TECHNOLOGY TYPES AND PROCESS OPTIONS

GENERAL RESPONSE
ACTION

TECHNOLOGY
TYPE

PROCESS
OPTION

DESCRIPTION

SCREENING COMMENTS
!

L1

1@ 47N

2900

No Remedial Action

Excavation

(slag and lead oxide
piles and other waste
materials)

Treatment
(slag and lead oxide
piles and other waste
materials)

Not applicable.

Complete/Partial
removal

Thermal

Chemical

Chemical

Not applicable.

None

In-Situ vitrification

Incineration/Roasting

Extraction/waste
material washing

Hydro-metal lurgical

leaching process

In-situ waste material
flushing

No remedial action: long
term surface, groundwater
and air monitoring.

Comptete (all contaminated
materials and hot spots)
excavation/removal for the
treatment.

vitrifying slag and lead

oxide at high temperature
until it melts and procude
rigid/glass like material.

Heating of slag and lead
oxide piles and other
waste materials at high
temperature to minimize

the waste for further disposal.

Exposing waste material to

solubilizing reagents, which

results in retention of the
waste in a fluid phase.

This is the best treatment
for extraction of heavy
metals. A hot, aqueous
caustic solution is allowed
to leach through the waste,
extracting the metals. The

solution can be regenerated.

Waste and soil materials
saturated with selected
reagents, which then

percolate through contaminated
materials, and then extracted.
Contaminant taden wastes are
treated for ultimate disposal

or reinjection.

Potentially applicable.

Potentially applicable.

Potentially applicable.

Potentially applicabte

Potentially applicable

Potentially applicable.

Potentially applicable.
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TABLE 4-1 (continued)
IDENTIFICATION OF FEASIBLE TECHNOLOGY TYPES AND PROCESS OPTIONS

GENERAL RESPONSE TECHNOLOGY PROCESS
ACTION TYPE OPTION DESCRIPTION SCREENING COMMENTS
3
Physical/chemical Stabilization/ Utilizing mixing paddles and Potentially applicable.

Treatment (building
building decontaminated
water and standing
water)

Treatment
(building decontamination
and metal surface)

Chemical

Chemical

Chemical

Physical

solidification

lon exchange

Chemical precipitation

and separation

Bleaching process

Hydroblasting

augers, a stabilizing agent

is fed to the waste. This agent
sotidifies the waste. At the end
of the process, the entire block
of waste is set aside for curing
and disposal.

Removes metals from Potentially applicable.
wastewaters using an ion
exchange resin

Oxidizes metals and Potentially applicable.
precipitates them from the

wastewater into a solid

form.

Chemically degrades Potentiatl applicable.
contaminants on building

walls and metal surfaces

by using calcium hypochlorite

to breakdown the

contaminants and discharge

them from the surface.

High pressure water jet
(3500 psi) is used to
physically remove chemically
breakdown contaminants from
the surface.

Potentially applicable.




4.1.3 TECHNOLOGY CONSIDERATIONS

The no removal action/security upgrade alternative will not achieve
the cleanup criteria, nor is it likely to result in significant
reduction in exposure or health risk within the foreseeable future.
Hazardous waste materials contamination will not be reduced except
perhaps through leaching to groundwater. There are no significant
technical considerations concerning the implementation of this
alternative. This alternative will not assess future environmental
concerns associated with the existing contamination.

4.1.4 OTHER CONSIDERATIONS

The no action alternative is the lowest cost alternative and
requires continual monitoring for future commitment of resources.

4.1.5 RECOMMENDATION

Because this alternative represents straightforward monitoring,
therefore, it was retained for future consideration.

4.2 MINIMAL MITIGATIVE ACTION
4.2.1 DESCRIPTION

Under the minimal mitigative action, remedial actions include,
clearing drainage pathways, restaging contaminated debris,
decontaminating the standing water, providing site monitoring, and
upgrading site security.

Disengaging the drainage pathways are an important method of
letting water drain off-site. Keeping pathways open is important
to the site. Restaging of contaminated debris involves physically
separating the material, decontaminating it by hydro blasting, and
sending it off-site for recycling and/or disposal. The water used
in hydroblasting will be collected into the standing water pool,
and be treated with the rest of the standing water. The standing
water can be treated using an ion exchange or chemical
precipitation/separation process. See Section (4.13, 4.14, 5.8 and
5.9) for details.

The site will be monitored during this action. This monitoring
will involve water sampling and air monitoring.

4.2.2 AREAS OF SITE

This technology is applicable to various areas of the site,
including the contaminated debris and standing water pool.
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4.2.3 TECHNOLOGY CONSIDERATIONS

The minimal mitigative action alternative will result in complete
decontamination of the standing water and possible decontamination
of hazardous waste material. It will also allow for proper
drainage around the site. It will not result in decontamination
of the process buildings, removal of slag piles or remediation fo
the lead oxide piles.

4.2.4 OTHER CONSIDERATIONS

The minimal mitigative actions 1is a relatively 1low cost
alternative. It does not address the four slag piles. This
alternative requires long term monitoring for future commitment of
resources.

4.2.5 RECOMMENDATION

Because this alternative addresses the standing water and physical
clean-up of the site, it was retained for future consideration.

4.3 HAZARDOUS WASTE HANDLING
4.3.1 DESCRIPTION

Hazardous waste handling involves the physical removal of hazardous
waste materials. Once removed, the materials would be managed in
such a way as to minimize or prevent their future contact with
public health exposure and the environment. The extent of waste
handling may range from selected areas of contamination to the
entire site, depending on removal goals. For highly heterogeneous
contaminant distributions, waste handling of the entire waste
stream area would be necessary to ensure removal of contaminants.
The highly heterogeneous and widely distributed contamination at
the NL site would indicate that waste handling of the contamination
may be treated (eg., waste material washing, hydro-metallurgical
leaching process, in-situ vitrification) to remove contaminants for
ultimate disposal or recycling.

4.3.2 AREAS OF SITE

This technology is potentially applicable to slag and lead oxide
piles and other hazardous waste areas of the site.

4.3.3 TECHNICAL CONSIDERATIONS

Hazardous waste handling is a well-known technology which can be
carried out with standard construction equipment. Because of the
known heterogeneity of the waste materials, the waste handling
effort will be complicated by the presence of particularly large
and/or bulky objects such as furnace bricks, process equipment,
metallic drums and other construction debris.
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The remedial investigation studies indicate that slag and lead
oxide piles on-site range 5,000 cubic yards. In addition to waste
handling the slag and lead oxide piles, it is likely that some
waste handling of drums, fiber packs and other hazardous waste
materials would be required. Determination of the eventual extent
of waste handling will be require ongoing sampling as the hazardous
waste handling proceeds.

Because this technology involves physical removal of contamination,
it will result in permanent removal or reduction of the waste
hazards of the NL site.

4.3.4 OTHER CONSIDERATIONS

Care must be taken during excavation and disposal operations to
minimize off-site health and safety hazards. Safety measures may
include dust control techniques and control of surface runoff.
Seasonal weather conditions will affect the ease and cost of
excavation operations.

While the technical feasibility of waste handling is reasonably
clear, complications with the ultimate disposal of waste handled
materials. Under the current RCRA landfill guidelines, reduction
of contaminant concentrations must be reduced and EP toxicity
criteria. From the standpoint of the NL site, hazardous waste
handling technology presents great potential for permanently
eliminating contamination sources.

4.3.5 RECOMMENDATION

This technology was retained for further consideration.
4.4 INCINERATION/ROASTING

4.4.1 DESCRIPTION

Incineration/Roasting has been investigated as a method of
immobilizing heavy metals in waste materials. The wastes are heated
to sintering temperatures and the metals are immobilized in slag
for ultimate disposal. The residue may require the addition of some
materials (such as kaolinite) to provide silicates for residue
formation. The process can conceivably be conducted with modified
rotary kiln incineration equipment (Figure 4.1).

4.4.2 AREAS OF SITE

This technology is potentially applicable to slag and lead oxide
piles and other waste areas of the site.
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4.4.3 TECHNICAL CONSIDERATIONS

The process has not yet demonstrated reliability on a full scale
basis for hazardous waste materials, and information on waste
treatment (industrial slag, metals, sludges and dusts) is also
limited. The process has been studied for the disposal of
radicactive wastes. For wastes which have been studied, certain
additives have sometimes been used to improve performance. Such
materials include silica (kaolinite), sodium hydroxide, and iron
oxide, and their combined effects are to decrease volatilization
of metals and increase the viscosity of the melt, resulting in
better capture of metals. The extent to which the waste materials
at the site would require such supplementation requires further
investigation.

The leachability of the immobilized metals should be quite low,
therefore, RCRA landfill requirements will be met. However, hazards
associated with direct exposure of aerosol during landfill of the
slag are not known. N L / A
Ze ety iR < ,
4.4.4 OTHER CONSIDERATION i oL possible i { \
The use of roasting and accessory devices discussed above are
considered to be a proven technology for treating mixed wastes.
Capital and operating costs for this alternative would likely be
high. The stability of the byproduct or slag may facilitate on- or
off-site disposal as a non hazardous material. Disposal volume may
be higher due to the incorporation of silicate additives in the

byproduct.
4.4.5 RECOMMENDATION

Although unconventional, this technology relies upon relatively
conventional equipment and will be retained for future
consideration due to its potential for immobilizing metals.

4.5 EXTRACTION/WASTE MATERIAL WASHING
4.5.1 DESCRIPTION

Extraction refers to exposing the waste materials particles to
reagents which result in the solubilization of waste chemicals and
their retention in the fluid phase (Figure 4.2). For purposes of
this discussion, the waste material wash operation refers to
previously excavated waste materials (subsection 4.2), although
conceptually similar processes may be feasible in-situ. Depending
upon the efficiency of the extraction solution used, the washed
waste may be deemed non-hazardous and disposed of on-or off-site.
However, treated waste may still contain some low levels of
contaminants. Management or treatment of the wash solution would
be necessary.
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4.5.2 AREAS OF SITE

This technology is potentially applicable to slag piles and other
hazardous waste areas of the site.

4.5.3 TECHNICAL CONSIDERATIONS

Reagent solutions which may affect various specific HSL inorganics
include water, acids, caustics and some surfactants. Reagents of
promise in removing metals include water, acids, and complexing
agents such as EDTA or citrate buffer. Because of the number of HSL
inorganic contaminants to be removed, a single reagent extraction
may not be sufficient. Multiple steps may be required. Selection
of a washing procedure would require a bench/pilot scale testing
to determine reagents, removal

efficiencies, and wastewater volumes generated. Because of the
uneven distribution of wastes throughout the site, a number of site
samples would have to be tested.

Certain components of the extraction reagents, such as inorganic
acids or alkalis, may themselves be hazardous, or may complicate
subsequent management of the resulting wastewaters. If the use of
such reagents proves necessary, the relative benefits of this
technology over others may require reexamination. Implementation
of this technology at the NL site will require presorting of wastes
to avoid damage to the equipment. Additional screening may be
required as part of the wash process itself.

4.5.4 OTHER CONSIDERATIONS

Since certain exposure scenarios suggest that immobilization of
wastes within the material may not adequately address perceived
hazards (ingestion and inhalation), technologies which either
destroy wastes or separate them from waste material warrant
attention. Removal is required, and solvent extraction may be
applicable, particularly for metals.

Potential extraction reagents range from water to relatively
expensive reagents or contaminations thereof. The total cost of
this particular technology may thus depend upon the results of the

testing program. The reagents used for this alternative (as part
of total cost) are not significant cost factors.

4.5.5 RECOMMENDATION

As one of the technologies that will remove metals from the waste,
this option was retained for further consideration.

25

NLD 001 0074



4.6 IN-SITU WASTE MATERIAL FLUSHING
4.6.1 DESCRIPTION

This technology refers to the in-situ extraction of contamination
by water or aqueous reagents. The waste materials are saturated
with the selected reagents, which then percolate through the
contaminated materials to be reclaimed and extracted by a series
of recovery systems/sumps developed for that purpose. The
contaminant-laden waters are then treated by conventional processes
for ultimate disposal or reinjection to the treatment process.

4.6.2 AREAS OF SITE

This technology is applicable to slag piles and other hazardous
waste areas the site.

4.6.3 TECHNICAL CONSIDERATIONS

This in-situ waste material washing technology is conceptually
similar to waste material washing (for excavated materials) and
similar extractions would presumably be used to remove the various
contaminants. As with waste material washing, multiple extraction
steps/reagents may be required, and this multiplicity may be more
difficult to implement in situ.

Since the waste material on this site is heterogeneous, the in-situ
waste material washing technology may not be effective on this site
becouse of the short contact time between the solvent/extraction
solution and the waste material. In the application of the
solution, it is 1likely that it will flow through the facility
equipment, furnace bricks and other wastes that are indigenous to
this site.

A critical consideration in the use of this technology is the
correct placement of the recovery system/sump to ensure complete
capture of the flushing agent and to prevent the increased
transport of mobilized contaminants to surface runoff.

4.6.4 OTHER CONSIDERATIONS

While this option may prove to be 1less expensive than
excavation/washing, it is somewhat more difficult to predict the
overall length of the remediation effort, as this would be assessed
by continued sampling and ongoing assessment. Since costs accrue
from the time of mobilization, a protracted program would likely
diminish projected cost advantages.
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4.6.5 RECOMMENDATION

The soil-flushing option remains technologically and financially
not feasible and was not retained for further consideration.

4.7 IN-SITU VITRIFICATION
4.7.1 DESCRIPTION

Vitrification is a technique for immobilizing contaminants in a
glass-like or crystalline matrix by the application of heat. The
resulting solid possesses excellent chemical durability. The
process can conceivably be conducted in-situ by the insertion of
molybdenum or graphite electrodes into the hazardous waste material
in a grid pattern. A conductive material is arranged in trenches
between the electrodes (see Figure 4.3). Application of electrical
power results in progressive melting, first of the conductive
material and then of the hazardous waste material itself, which
becomes conductive as well. The process 1is continued until the
desired zone has been melted. Power is then discontinued and the
molten mass allowed to cool, entrapping metals and non-volatile
components in the process. Any organic components present in the
waste material are volatilized or pyrolized during the heating
process and are burned or collected in an off-gas hood for further
treatment. The process results in some volume reduction and, after
cooling, the vitrified material can be disposed off-site. This
process is still in the developmental stage.

4.7.2 AREAS OF SITE

This technology is potentially applicable to slag piles and other
waste materials, except for the standing water and process building
decontaminated water on-site.

4.7.3 TECHNICAL CONSIDERATIONS

In-situ treatment technologies are inherently attractive because
of reductions in material handling hazards and expenses. The
technology, however, 1is compromised by highly heterogeneous
contaminants and materials. Since the treatment mechanism in
vitrification is heat, it may prove more capable of dealing with
void spaces and discontinuities, particularly as progressive
melting proceeds. At the same time however, it relies upon the
presence of materials which melt and, upon cooling, solidify into
crystalline materials. Such constituents presumably must be present
in sufficiently large fractions as to incorporate the remaining
contaminants into the solids. The technology may hold some promise.
Its capability and suitability for the NL site would require
investigation and demonstration.
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4.7.4 OTHER CONSIDERATIONS

Assuming that the ability of the process to achieve melting and
subsequent solidification of the waste (slag) materials can be
demonstrated, the resulting product should prove to be a highly
stable and permanent source control technique. Some safety hazards
are associated with the process in terms of the high voltages used
and the production of toxic gases during melting.

4.7.5 RECOMMENDATION

Because it 1s one of the few in situ technologies with the
potential for addressing inorganic contamination and dealing with
heterogeneous waste, this technology will be retained for further
consideration.

4.8 STABILIZATION/SOLIDIFICATION
4.8.1 DESCRIPTION

Stabilization technology, also known as solidification or fixation,
is applicable to solid, liquid, or sludge waste. Solidification can
be performed in situ, or in tanks or containers. In situ
stabilization is achieved by a deep soil mixing technique. In situ
stabilization allows direct application of stabilizing agents,
utilizing mixing paddles and augers that blend the waste as a
stabilizing agent is fed through the center of each shaft. At the
end of treatment the treated block of mass or waste material is
stored in curing areas for disposal (see Figure 4.4).

4.8.2 AREAS OF SITE

This technology is potentially applicable to slag piles and other
waste materials of the site.

4.8.3 TECHNICAL CONSIDERATION

The stabilization/solidification technologies are inherently
attractive because of the ease in handling of inorganic wastes.
Before solidification, the waste material may be pretreated to
adjust pH and to insolubilize heavy metals, thereby reducing their
mobility. The high alkalinity of most cements and stabilizing
agents will serve to neutralize acidic leachate, keeping heavy
metals in their insoluble, less mobile form.

Whether applied in-situ or in tanks, stabilization facilitates a
chemical or physical reduction of the mobility of metal
constituents and forms a solid mass with low permeability that
resists leaching. The actual mechanism of binding depends on the
type of stabilization agent used: cement-based, pozzolanic- or
silicate based, thermoplastic-based or organic polymer-based. On
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a commercial basis,cement-~-based, asphalt-based, and pozzolanic-
based techniques are more successful for treating inorganic wastes
than the other techniques because of their wide range of
applicability and use of less expensive reagents.

4.8.4 OTHER CONSIDERATIONS

Critical parameters in stabilization treatment include: selection
of stabilizing agents and other additives; the waste-to-additive
ratio; mixing and curing conditions. All of these parameters are
dependent on the chemical and physical characteristics of the waste
materials. Bench-scale treatability tests should be conducted to
select the proper additives and their ratios, and to determine the
curing time required to adequately set the waste. Leaching tests
and comprehensive strength tests should be conducted to determine
the integrity of the solid end product.

4.8.5 RECOMMENDATION

Because of the technology's popularity in handling of inorganic
wastes, this technology was retained for further consideration.

4.9 HYDRO-METALLURGICAL LEACHING PROCESS
4.9.1 DESCRIPTION

The hydro-metallurgical leaching process technology is based on
the principles of hydrometallurgy commonly used for the extraction
of metals from ores. This technique which uses a hot aqueous
caustic leach solution is the best treatment strategy for the
extraction of heavy metals from the waste residues. This solution
can be regenerated after recovery of the dissolved metal values for
subsequent leaching, thus minimizing reagent costs, reducing the
waste volume and generating a saleable product from the existing
toxic residues (Figure 4.5).

The selection of the technology is based on the ability of caustic
solutions to efficiently extract oxidic lead compounds (lead oxide)
from the complex residue assemblages, but not attacking the
significant volumes of inert material present in the residues. An
additional advantage is that lead metal may be recovered from the
leach solutions in a precipitation reaction using a variety of
reactive metals.

4.9.2 AREAS OF SITE

This technology is applicable to slag piles and other hazardous
waste areas of the site.
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4.9.3, TECHNICAL CONSIDERATION

The process involves leaching the residues in a caustic solution
which selectively dissolves lead and other heavy metal impurities
in the residues. The sodium, potassium, cadmium, and halogens (if
any) contained in the residues also dissolve during the leaching
step. These elements generally reside in water soluble compounds.
Some lead compounds are resistant to this leaching process, for
example, lead silicates generated during previous high temperature
reactions. However, such compounds are extremely stable (such as
lead bearing slag piles) and may not pose an environmental threat
over any foreseeable future period of time regardless of the
exposure they receive.

The leaching step is followed by filtration where the deleaded
residue is separated and collected. The lead and halide rich leach
filtrate 1is then reacted with metallic aluminum fines to
precipitate the lead (and other dissolved metals) 1lower than
aluminum on the electromotive series. The precipitate is a lead
rich, saleable metallic sponge product. In doing so, the aluminum
is solubilized as sodium aluminate, and a small amount of caustic
is generated.

After a certain quantity of the spent solution is bled from the
circuit, (to remove some of the remaining dissolved impurities)
the solution is recycled. The bled solution is processed in a water
treatment plant for separation and removal of residue metals. The
recycle liquor must also be replenished with fresh caustic in
accordance with leaching requirements. — —

4.9.4 OTHER CONSIDERATIONS

The operating conditions (solution concentration, and leaching time
and temperature) envisioned for the NL site will be a considerably
more aggressive technology. In the NL case, the process strategy
will be to dissolve all potentially soluble 1lead compounds
including the associated cadmium, arsenic, and other heavy metals
contaminants present. It is possible that -a-yashed leach residue
for the NL site will be completely beiny—_after treatment.
Preliminary test results will confirm or &eny the necessity of this
step. The residue stabilization and disposal may increase the
overall project costs.

4.9.5 RECOMMENDATION
Because it is one of the few appropriate technologies with the
potential of addressing inorganic contamination and dealing with

heterogeneous wastes, this technology will be retained for further
consideration.
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4.10 HYDROBLASTING METHOD
4.10.1 DESCRIPTION

Hydroblasting involves the use of a high pressure (3500 psi) water
jet to remove contaminated debris from applicable surfaces. The
water is then collected in a sump, decontaminated, and sent to a
treatment plant.

4.10.2 AREAS OF SITE

This technology is applicable to the de-casing building, an area
with a large amount of debris.

4.10.3 TECHNICAL CONSIDERATION

The process consists of applying a high pressure water jet to the
necessary area(s). The debris and contaminated water are collected
in a sump where a solids separation takes place. The solids are
separated by settling, and the water is recycled to storage tanks.
A secondary decontamination may take place to remove any subsurface
contamination (see Figure 4-6).

The hydroblasting process is attractive due to operational ease.
This process allows for physical reduction in contamination of all
affected areas. The main concern are noise of the process, clean-
up of the waste water and worker safety. As a minimum, the
suggested protective equipment includes; air purifying respirators,
full-body protective suit, gloves, steel-toed boots, booties, and
hard hat. Rain boots with non-slip soles should also be employed.
If necessary, hearing protection may be used.

4.10.4 OTHER CONSIDERATIONS

The use of the hydroblasting procedure provides an excellent method
for physical destruction of contaminants from all affected areas.
This process will have to be repeated in order to clean the
subsurface.

4.10.5 RECOMMENDATION

Because of the operational ease, this technology was retained for
further consideration.

4.11 BLEACHING PROCESS
4.11.1 DESCRIPTION

As using a high pressure hose the bleach formula is sprayed on all
contaminated surfaces. This procedure works best against metal,
wood, concrete surface, and on large areas of contaminated
building.
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4.11.2 AREAS OF SITE

This technology is applicable to the processing building and the
equipment inside.

4.11.3 TECHNICAL CONSIDERATION

The bleaching method, which can be done on a large scale can be
used to chemically degrade contaminants on metal surfaces, and With
the use of a high pressure hose, this process can be done in a
minimum amount of time and steps.

Various types of bleach formulations have been used as
decontaminating agents. Traditionally, calcium hypochlorite has
been used, although recently, sodium-based bleach formulations have
had some application. The various bleaches used include Grades I,
II, and III with >35 percent 29 to 35 percent, and <29 percent
available chlorine; supertropical bleach (STB), a British formula
containing >30 percent available chlorine; high test bleach (HTB),
which has approximately 42 percent chlorine content; and liquid
household bleach (sodium hypochlorite and sodium hydroxide).

The disposal of bleach is a major concern. Since a large quantity
of bleach will be needed for an area of this size, a tremendous
amount of contaminated bleach is produced. This bleach shall be
pumped to a 50,000 gallon holding pool and will be properly treated
before being sent to a treatment plant.

A critical consideration in the use of this process 1is worker
safety. Each worker shall be equipped with an air purifying
respirator, full body coveralls, impermeable foot cover, and hard
hats. In addition, each worker shall have rainboots with non-slip
soles.

4.11.4 OTHER CONSIDERATIONS

Critical parameters in this process include; selection of proper
bleaching agents, proper stoichiometry, and all necessary hardware.
A small scale treatment process test should be done to determine
and select the proper agents and equipment, as well as treatment
of contaminated bleach.

4.11.5 RECOMMENDATION

Because of the ease of application, this technology was retained
for further consideration.
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4.12 SOLVENT WASHING TECHNOLOGY
4.12.1 DBSCRIPTION

In the solvent washing process, an organic solvent (hexane,
pentane, or any other alkane solvent) is circulated onto the
contaminated surface, attaching itself to the contaminant, and is
forced out of the surface and into a filtering process. The solvent
will then be chemically or thermally treated to remove the
contaminant.

4.12.2 AREAS OF SITE
This process is applicable to the wall of the processing building.
4.12.3 TECHNICAL CONSIDERATIONS

This process involves a great amount of time for set-up and break-
down. Depending upon the number of personnel, this time can last
from several hours to several days. Personnel charges will be
great for these two periods, but will be low for the actual process
operation.

The disposal of the waste solvent is another concern. Since the
targeted area is quite large, a tremendous amount of waste,
approximately one million gallons (rough estimation), will be
produced. This waste must be decontaminated and sent to a treatment
plant (see Figure 4-7).

A critical consideration of this processes is worker safety. At a
minimum, each worker shall have; an air purifying respirator, full
body coverall, steel-toed boots, impermeable foot cover, gloves,
and hard hat. In addition, each worker should have rain boots with
non-slip soles.

4.12.4 OTHER CONSIDERATIONS

The cost for utilities and equipment will be moderate. A small
scale test should be performed to determine feasibility of the
process.

4.12.5 RECOMMENDATIONS
The solvent washing process was not recommended because of the
amount of intricate equipment in the targeted area, the need to

move the "box" from one area to another, and due to the set-up and
break-down time needed.

37

NLD 001 o086



-

SCHEMATIC DIAGRAM OF THE SOLVENT PROCESS

INERT SEAL

SOLVENT
CIRCULATION
UNIT

FILTER

-
___:] FILTER, CHEMICAL

SOLVENT DEFONTAHINATION. ETC.
FEED TANK

SOURCE: Decontamination Techniques for
Buildings, Structures and Equipment.

SPILL PREVENTION & EPA PM

FIGURE 4-7
m——w.> EMERGENCY RESPONSE DVISION | Eugene Dominach

TAT PM NL Industries
V. Reddy/J. Manfreda Pedricktown, NJ




4.13 ION EXCHANGE
4.13.1 . DESCRIPTION

Ion exchange is used to remove metals from aqueous hazardous
wastes. After the metals are removed from the aqueous solution,
the water can be discharged to the local publicly owned wastewater
treatment plant, if it meets discharge requirements. The
concentrated metal solution from the ion exchange resin can be
recycled as product.

A brief description of the process is as follows; the waste stream
is fed into an ion exchange unit, where metals are removed from the
waste stream and are adsorbed onto the ion exchange resin in
exchange for a cation. An example of this reaction is as follows:

Cu++ + 2RH =-> R2Cu + 2H+

Where Cu is a copper atom in solution, R is the ion exchange resin
and H 1is the hydrogen atom exchanged in the resin.

The ion exchange resin can be regenerated using a strong acid run
through the system, where metal will be removed from the resin into
the acid solution. This solution can be disposed of or recycled
and is considerably less than the original volume of liquid waste
treated. )

Ion exchange is applicable to the agqueous waste stream generated
at the NL site. The metals found in the waste stream can be
removed using an ion exchange resin. Sanitech, Inc. has a resin
called DeVoe-Holbein compound which can operate at 99.99% plus
removal efficiency of metal capture in both extremely high and low
concentrations.

Efficiency of DeVoe-Holbein Compound

Target Metal Untreated (ppm) Treated (ppm)
cd 674 <0.01
In 392 <0.01
Ni 352 <0.01
Cu 3sl <0.01
Cr 312 <0.01
Fe 335 <0.01
Co 353 <0.01
Pb 1243 <0.01
Hg 1204 <0.05
Ag 647 <0.01
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4.13.2 AREAS OF SITE

The ion exchange technology can be used to treat the standing water
and the water from the building decontamination process. Sanitech
may also donate equipment for treatment of the wastes to examine
the potential of their ion exchange unit to treat hazardous wastes.
Lab scale treatment studies and pilot plant tests will be necessary
to determine if the technology can treat the site's aqueous waste
in theory as well as in the field.

4.13.3 TECHNOLOGY CONSIDERATIONS

This section will discuss the DeVoe-Holbein process for technology
considerations as it is a ion exchange unit with the same features
and characteristics as all ion exchange units (see Figure 4-8).

First, wastewater is pumped into a surge tank. This tank is used
to store waste water and provide a constant flow of untreated water
to the ion exchange unit and prevents intermittent functioning.

The untreated water is then pumped through a flowmeter and/or flow
totalizer. Next, the water is transported to the top of the ion
exchange column. Multiport valve heads spread the wastewater
across the top of the column. The aqueous waste flows downward
over the ion resin and the metals are removed from the solution.
The treated water can then be discharged to a sewer if it satisfies
compliance 1limits. Constant sampling of the effluent will
determine if it is within the limits.

When the ion exchange resin can no longer function it must be
regenerated. The first step is to backwash the column with water,
removing all the solids which have been filtered out by the column.
The next step is to circulate an acid in the column to remove all
the metals in the resin. For the DeVoe-Holbein process, the volume
of acid solution necessary to remove all the metals from the resin
is usually 1/3 the bed volume. After the acid solution is removed
from the column, the ion exchange resin is ready to treat
wastewater again.

4.13.4 OTHER CONSIDERATIONS

The DeVoe-Holbein ion exchange resin has limitations such as high
concentrations of metals in the solution. A solution for this
problem is to add another column to meet discharge requirements.
Another limitation is the ion exchange columns may be prone to
fouling by some organic substances. This problem can be solved by
backflushing the system to clean the column of fouling materials.
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4.13.5 RECOMMENDATIONS

The Sanitech ion exchange technology will be considered for further
studies.

4.14 CHEMICAL PRECIPITATION AND SEPARATION
4.14.1 DESCRIPTION

Chemical precipitation is a process by which metals are oxidized
in solution and then precipitated to form a solid metal oxide.
The solids can be removed by settling and/or filtration. Chemical
precipitation has been used to treat liquid wastes containing
arsenic, barium, cadmium, chromium, copper, lead, mercury, nickel,
selenium, silver, thallium and zinc. Effluent metal concentrations
of less than 1 mg/l and sometimes less than .1 mg/l are achievable.
Industries and facilities that use chemical precipitation include
the metal plating and polishing industries, steel and nonferrous
metals industries, mining, electronics manufacturers, landfills
leachate treatment facilities, publicly owned wastewater treatment
works, and hazardous waste sites having metal contaminated wastes
as leachate or contaminated groundwater.

4.14.2 AREAS OF SITE

This technology can be used to treat the standing water on-site
and the waste water from the contamination of the buildings at the
National Lead site.

4.14.3 TECHNOLOGY CONSIDERATIONS

The process equipment needed for chemical precipitation is usually
a mixing tank, a settling tank and a filter. A process flow
diagram is shown in Figure 4-9. The metal containing stream is fed
into a mixing tank with chemical precipitants, flocculants and
settling aids. The contents of the mixing tank are continuously
pumped to a settling tank, which has mixing baffles and paddles.
Treated water is pumped from the top of the tank and sludge is
taken from the bottom of the tank. The sludge is further treated
by filtering out water with a filter press. The de-watered sludge
can then be disposed of and the water from the filter press
recycled back into the mixing tank.

The treated water from the settling tank can be discharged into a
local sewer.

4.14.4 OTHER CONSIDERATIONS
A chemical precipitant must be selected for the process. Commonly
used precipitants are lime (calcium hydroxide), caustic soda

(sodium hydroxide), sulfides, sodium carbonate, and sodium
borohydride, with lime and caustic soda being the more popular.
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Problems with chemical precipitation are as follows: The pH of
minimal solubility varies with each metal, in most cases being
between 9 and 11. For wastes containing several metals, several
precipitation stages may be required to remove all the metals to
desired levels or another precipitant may be required.

There is no cyanide problem associated with the waste. Cyanide in
the waste stream acts as a complexing agent, which inhibits
precipitation. Cyanide can be pretreated to destruction using
alkaline chlorination, with the products being carbon dioxide and
nitrogen.

Hexavalent chromium cannot be treated directly by the commonly used
process of hydroxide precipitation. The chromium must first be
reduced to a trivalent state, using a reducing agent, such as (a
low pH) sulfur dioxide.

The heat of reaction in the mixing tank can cause 1localized
splashing and the unwanted release of solution vapors. It is
important that the design of the equipment include a method to
either cool the reactor or dilute the waste stream before entering
the mixing tank if it is necessary.

Since the standing water contains various metals, testing will be
necessary to determine if chemical precipitation can meet discharge
requirements. Bench scale jar tests determine this and optimum pH,
settlability of precipitants, settling aid requirements, and aid
in the design of custom equipment.

4.14.5 RECOMMENDATION

Chemical precipitation will be considered for treatment of the
standing water and water from the decontamination of the buildings.
Past studies indicate this technology will effectively treat these
wastes.

4.15 SUMMARY

Based upon this technology screening process, the following
remedial technologies have been retained for consideration. The
feasibility of appropriate combinations of these technologies as
complete remedial alternatives will be developed in the following
section.

Hazardous Waste Handling:;
Incineration/Roasting:

Chemical extraction;
Extraction/Waste material washing;
In-situ waste material flushing:;
In-situ vitrification;
Stabilization/Solidification;
Hydro-metallurgical leaching process;
Hydroblasting method;

Bleaching process; and

Ion exchange process

000000 0OO0OO0OO0O

44

NLD 001 @93



5.0 EVALUATION OF REMEDIAL ACTION ALTERNATIVES ~

5.1 BACKGROUND

5.1.1 DEVELOPMENT OF ALTERNATIVES

Remedial action alternatives for effecting the cleanup of the NL
site are outlined and evaluated in this section. Based upon the
existing site characterization (sample analysis results) and the
technology screening process, several alternatives were developed
to address both site-specific remediation goals (cleanup criteria)
and the objectives and requirements of SARA.

The remedial action alternatives detailed below were based on
remedial goals and appropriate remedial technologies which are
described in Section 4.

(o]

o

Non-Cost Criteria

- Overall protection of human health and the
environment .

- Compliance with ARARS

- Long-term effectiveness and permanence

- Reduction of toxicity, mobility, or volume

-~ State acceptance

- Community acceptance

Cost Criteria

- Capital cost

- Operating and maintenance costs, and

- Ongoing (monitoring) costs in the post remediation
phase

5.1.2 SITE SPECIFIC CONSIDERATIONS AND REMEDIAL APPROACH

Briefly stated, the remedial action goals (cleanup criteria)
arising from the public health evaluation are the following:

o]

Eliminate, or reduce to acceptable risk-based levels,
waste contaminants which present potential public
health threats via direct exposure to the contaminated
materials. The contaminants judged to pose such risks
include lead and barium:;

Eliminate, or reduce to acceptable risk based levels,
air and surface water contaminants which represent
potential public health threats due to the long term
exposure pathways (air and surface water run-off).
Contaminants are concern include iron, cadmium,
arsenic, copper, beryllium, antimony and chromium.
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Ideally, complete source control measures should, in the long term,
result in significant improvements in exposure pathways. Properly
implemented source control technologies should however, eliminate
or significantly reduce the impact of this particular source of
contamination.

The site remedial approach is based on the results of the sample
analysis, which demonstrated widely dispersed and highly variable
results in physical characteristics of waste materials. The highly
heterogeneous nature of the waste material at NL site dictates
that the cleanup philosophy to remediate the site requires on-site
or off-site disposal of all the listed waste streams.

$.1.3 GENERAL WASTE CONSIDERATIONS

Contaminants of concern at the NL site are primarily the heavy
metals. The following general considerations apply to the selection
of remedial alternatives for these wastes:

o Many in-situ remedial alternatives, such as those which
flush contaminants from the waste or entrap
contaminants, are compromised by the high degree of
heterogeneity of the waste. This heterogeneity is
likely to interferes significantly with the even and
consistent application of remedial technologies in-
situ. For example, soil flushing is likely to be
compromised by the tendency for flushing solutions to
follow voids and channels created by the waste
materials and thus fail to contact all wastes;

o A variety of technologies exist for treating materials
once they are removed from the site. These
alternatives involve extensive materials handling,
including extensive pre-sorting, screening and/or
shredding steps. Most options/or alternatives also
result in the production of certain hazardous residues
for off-site disposal/treatment, and;

o Stabilization and incineration/roasting technologies,
and those treatment processes which leave low levels of
residuals in the end products (treated waste) might
reasonably be expected to reduce surface water
contamination as well as elimination of air pollution
from the site.

Efforts were made to select technologies which represent the
various ranges of options. For example, at least one in-situ
process was considered for comparison to excavation and treatment
options. Additionally, at least one stabilization/solidification
option was considered for comparison with removal/destruction
options.
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5.1.4 COST EVALUATION

Conceptual level (preliminary) cost comparisons were developed for
each remedial alternative based upon preliminary specifications
derived from RI studies. To the extent practicable, those costs
were derived from conventional engineering estimating procedures.
Costs include capital plus operating and maintenance costs. For
options in which untreated wastes are to be left in place,
operating (monitoring) and maintenance costs were considered over
a 30 year period, coinciding with RCRA requirements for post-
closure monitoring. For options in which wastes are to be removed
for off-site disposal, monitoring was projected for five years
after the completion of the remedial phase. However, for certain
technologies performance (such as case study examples) are not
available because of the preliminary stage of technology
development. These technologies background information were
obtained from several companies. The relatively speculative nature
of these estimates must be considered in evaluation of overall
projected costs.

5.2 ALTERNATIVE 1 - NO REMOVAL ACTION

Under the no removal action alternative at the NL site, no
additional steps would be implemented beyond those already in
place, as a result of the 1989 response action. This action
includes the following steps: |

o Up grade site security:
o Periodic site monitoring, and

However, continued maintenance of those measures, as well as
surveillance of site conditions, should proceed. Major aspects of
those programs would include:

o Regular site inspections aimed particularly at site
security, the integrity of site structures (fences and
encapsulation), and the physical integrity of
the site surface;

o Continued maintenance of security measures, primarily
the site fence, based upon continuing evidence of
trespassing.

o Annual sampling of on-site monitoring surface runoff to

document water quality.

Although designated as a no removal action alternative, in that no
remedial steps are taken with respect to the wastes remaining on-
site, this alternative does include maintenance of the existing
fence (which has been subject to damage). In addition to this a
annual surface runoff water sampling is also included to help
detect any significant change in conditions.
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5.2.1 NON-COST CRITERIA
5.2.1.1 TECHNICAL CONSIDERATIONS

Since no waste material will be implemented, technical feasibility
is not an issue. The major technical concern with this alternative,
as implied above, concerns the interpretation of surface water
runoff monitoring data 1in the potential presence of on-site
sources, the degree to which that data will effective in detecting
and evaluating increased risk.

5.2.1.2 INSTITUTIONAL CONSIDERATIONS

The following institutional <considerations apply to this
alternative:

o The existing control strategies at the site do not meet
RCRA criteria for contaminant and control of
contaminants;

o Under SARA guidelines measures which do not meet

applicable requirements may be applicable under limited
number of situations, such as surface water monitoring;

o Public opposition should be expected under this
alternative, since no reduction in environmental
impacts would result. This opposition may be heightened
because of the proximity of the site to housing and

schools.

o Adoption of this alternative results in the commitment
to a long-term, although relatively straightforward
maintenance.

5.2.2 COST CRITERIA

Operation and maintance cost for the no removal action alternative
is presented in Table 5-1.

As indicated in this table the major cost components of this
alternative is the monitoring requirements resulting from leaving
the waste materials in place. This would result in total cost cost
of approximately $351,300.

5.3 ALTERNATIVE 2 - MINIMAL MITIGATIVE ACTION

5.3.1 DESCRIPTION

This alternative involves minimal mitigative actions include,
clearing drinage pathways, restaging contaminated materials such
as scrap metal piles, tyvack, furnace bricks, fiber packs, drums,

dross, facility equipments, and other debris, and also
decontaminating the standing water.
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TABLE 5-1
ALTERNATIVE 1 - PRELIMINARY ESTIMATE OF TOTAL COSTS --
NO REMOVAL ACTION
ITEM DESCRIPTION QUANTITY UNIT COST, $ TOTAL COST, $
1 Security Inspection, 32 hr. 70/hr $ 2,240
quarterly, 8 hrs/quarter
2 Surface water Monitoring
(Annual)
o Labor: sampling (8 32 hr. 70/hr. $ 2,240
hours per cycle)
o Analytical: metals 6 samples 1200/ea $ 7,200
plus blank/duplicate
o Expenses: sampling Lump sum 1000 $ 1,000
3 Maintenance
o Fence repair 500 ft/yr 6/ft $ 3,000
o Vegetation Control, 15,000 s.Yy. 0.30 s.Yy. $ 4,500
annual
4 Reporting/Documentation
Engineering report 32 hr 70/hr $ 2,240

preparation, 8 hrs./quarter

(continued)
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TABLE 5-1

ALTERNATIVE 1 - PRELIMINARY ESTIMATE OF TOTAL COST ~--

NO REMOVAL ACTION

ITEM DESCRIPTION QUANTITY UNIT COST, $ TOTAL COST, $

5 Subtotal $ 22,420

6 Administrative (25%) $ 5,605

7 Contingency (25%) $ 5,605

8 Annual Total (rounded) $ 33,630

9 Present worth#* $351,300/year for 30 years

*Assumes 30 years maintenance (wastes left in place)




Implementation of the minimal mitigative action involves several
seperate operations:

o Physical seperation of contaminated debris, i.e.,
deteriorated drums, fiber packs, furnace bricks, scrap
metals, and process equipment to a specific area of the
site;

o Decontamination of the debris, and seperating contaminant
from remainder of the debris;

o Disposal or recycling of decontaminated debris;

o Decontamination of the standing water, either by an ion
exchange treatment or a chemical precipitation and
seperation method;

o Clearing pathways on-site to provide drinage of water.

o Removal of standing water bottom sediment and dispose
into the slag piles.

After completion of minimal mitigative action, the ongoing surface
water and air monitoring program would be implemented to document
water and air quality. This monitoring program would serve to
identify potential changes in environmental impacts arising from
changeing site conditions.

5.3.2 NON COST CRITERIA
$5.3.2.1 TECHNICAL CONSIDERATIONS

The minimal mitigative action involves technologies that are
dependent on the waste material exposed on the site, which involves
a great deal of physical labor. The standing water will be treated
either by an ion-exchange, or a chemical precipitation and
seperation method (techniques description see sub section 4.13 and
4.14). The contaminated debris will be treated with the
bleach/hydroblasting technique and disposed for recycling. Should
sampling prove that some of the waste streams has not been
significantly decontaminated, the process may be repeated until
contmination levels meet acceptable disposal/recycling criteria
(see Tables 3-1 and 3-2).

5.3.2.2 INSTITUTIONAL CONSIDERATIONS

The following 1institutional considerations apply to this
alternative:

o The existing control strategies at the site do not meet
RCRA criteria for contaminants and control of
contaminants:;
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o] Under SARA guidlines measures which do not meet
applicable requirements may be applicable under surface
water monitoring;

o) Public oppostion should be expected under this
alternative, since elimination of slag piles from the
site would not addressed. This opposition may be
heightened becouse of the proximity of the site to
housing and schools;

o Adoption of this alternative results in the commitment
to a long-term, although relatively straightforward
maintenance;

o Local discharge of treated water (effluent) will require

an NPDES permit or local sewer discharge approval.
$.3.2.3 PUBLIC HEALTH AND ENVIRONMENTAL ISSUES

The following public health and environmental issues should be
considered:

o Since this alternative will result in decrease in amount
of contaminants, it will prove effective in minmizing
future threats for the public health and welfare arising
from the NL site; ;

0 Surface water runoff and air monitoring will be performed
during this action, to ensure ommissions do not exceed
accepted levels.

5.3.3 COST CRITERIA

A breakdown of costs for this alternative are given in Tables 5-2
and 5-3.

5.4 ALTERNATIVE 3 - HAZARDOUS WASTE HANDLING/WASTE
MATERIAL WASHING

5.4.1 DESCRIPTION

This alternative involves hazardous waste handling of waste
materials followed by a waste washing process to separate
contaminants from the waste materials and residue leaving a product
sufficiently decontaminated to permit off-site disposal.
Information for this alternative has been developed in part through
literature provided by vendors, ECOVA corporation, GSX Services,
WASTE TECH Services, and BIOTROL, Inc.
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TABLE 5-2
‘ALTERNATIVE 2 - PRELIMINARY ESTIMATE, CAPITAL COST -- MINIMAL MITIGATIVE ACTION
ITEM DESCRIPTION QUANTITY UNIT COST, $ TOTAL COST, $
1 Drainage Clearance
o Restaging large debris, 4,000* c.y. 225/c.y. $ 900,000
drums and equipment on
site.
o Standing water treatment 1 million gallons* Lump Sum $ 250,000
gefore disposal
o Sediment handling 200* c.y. 225/c.y. $ 45,000
2 Engineering/oversight 1,000 hr. 70 $ 70,000
personnel through
Implementation Phase
(2 month) (2 persons)
3 Subtotal $1,265,000
4 Contingency (25%) $ 316,250
5 TOTAL (rounded) $1,581,250
(continued)

** Rough estimated value, based on site visit on May 17, 1990.
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TABLE 5-3

ALTERNATIVE 2 - PRELIMINARY ESTIMATE OF OPERATION AND MAINTENANCE COSTS --

MINIMAL MITIGATIVE ACTION

ITEM DESCRIPTION QUANTITY UNIT COST, S TOTAL COST, $
1 Security Inspection, 32 hr. 70/hr. $ 2,240
quarterly, 8 hrs/quarter
2 Surface water monitoring
(Annual)
o Labor: sampling (8 hrs. 32 hr. 70/hr. $ 2,240
per quarter)
o Analytical: metals 6 samples 1200/ea. $ 7,200
plus blank/duplicate
o Expenses: sampling Lump sum 1000 $ 1,000
3 Maintenance
o Fence repair 500 ft/yr 6/ft $ 3,000
o Vegetation Control, 15,000 s.y. 0.30 s.Y. S 4,500
annual
4 Reporting/Documentation
Engineering report 32 hr 70/hr $ 2,240

preparation, 8 hrs./quarter

(continued)
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TABLE 5-3

ALTERNATIVE 2 - PRELIMINARY ESTIMATE OF OPERATION AND MAINTENANCE COSTS --

MINIMAL MITIGATIVE ACTION

ITEM DESCRIPTION QUANTITY UNIT COST, $ TOTAL COST, $

5 Subtotal $ 25,420

6 Administrative (25%) $ 6,355

7 Contingency (25%) $ 6,355

8 Annual Total $ 38,130

9 Present worth (rounded)* $1,725,800/year for 30 years

*Assumes 5 years maintenance (wastes left in place)




The waste material washing (extraction) alternative is presented
in Figure 4-2. This figure shows the technology process and treated
waste material. Waste staging would occur near the facility area
(paved surface) of the site. The specific location of the waste
material wash process should be selected to facilitate discharge
of the wash solutions. Implementation of this alternative would
involve the following major operations:

o Removal of other waste areas, to the treatment facility
area;

o Handling of slag piles and contaminated soils;

o Staging of handled (excavated) materials in a cleared

areas of the site:

o Pre-sorting for removal of large debris and restage
debris for decontamination. Debris removal is required
to avoid damage to equipment; .

o Screening/mechanical shredding to achieve uniform small
fragments;
o Processing of shredded waste in waste material in waste

material wash equipment;

o Treatment of wash streams by appropriate technology (such
as ion exchange or chemical precipitation and
seperation). Wash water will be recycled to the wash
process, with concentrate/regenerant stream to disposal;

o Sampling of washed materials to verify adequacy of
treatment, and

o Off-site disposal of washed materials to off-site
disposal.

Should the sampling program indicate that contamination in some
fraction has not been sufficiently reduced, recycling of feed
material may be required until the cleanup criteria should be
achieved. In order to minimize the likelihood of such event, a
bench scale test, followed by a pilot testing program should be
conducted to demonstrate the suitability, performance, and
economics of this technology. However, the pilot testing program
would be necessary for a limited number of samples for the washed
materials.
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5.4.2 NON COST CRITERIA
5.4.2.1 TECHNICAL CONSIDERATIONS

Soil wash process employ, technologies derived from the mining and
enhanced o0il recovery business for the actual separations, of
contaminants from soils and <conventional water treatment
technologies for treating the wash waters. The primary technical
uncertainty to address during pilot testing, appears to be the
process effectiveness in dealing with the highly heterogeneous
waste materials. Existing literature indicates excellent removals
from the contaminants of concern at the NL site. However, the
effectiveness of the process 1in achieving contact with all
heterogeneous waste materials may require additional investigation.

The process will likely result in relatively small weight and
volume reductions in the washed materials (on the order of 40% for
contaminated waste material washing) that would generate 60% volume
of treated waste for off-site disposal.

The process will result in a volume of final discharge wash water
for further treatment that will be suitable for discharge to
sewers. Remaining technical uncertainties with respect to necessary
extraction solution from dross, facility equipment and other
material, the effectiveness of the process must be addressed in a
pilot test program. :

Based on material processing rate and pre-wash materials handling
requirements, the implementation phase of this technology is
expected to last 1 to 1.5 years.

Implementation of this process involves several relatively complex
unit operations, including pre-sorting and shredding, the wash
process itself, the recovery and treatment of the wash solutions,
and the need for testing of residual materials prior to disposal.
The applicability of all of these steps to the types of wastes at
the NL site must be examined in the pilot program.

5.4.2.2 INSTITUTIONAL CONSIDERATIONS

The following institutional considerations apply to this
alternative:

o Treated wastes may retain some low concentrations of
contaminants and the wash solutions (solvents) which may
leach out in the future;

o The off-site disposal of treated materials must be the
requirements of the cleanup criteria. This treatment

should approach the stated goal of reducing toxicity
and/or volume of wastes considered for off-site disposal;
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o) Off-site disposal of pre-sorted debris, treatment process

concentrate streams, and any unsuccessfully
. decontaminated wastes will require compliance with

Federal and State DOT requirements for handling,
transport, and tracking of hazardous wastes. With
conventional wash water treatment systems such as ion
exchange, precipitation and separation or flocculation
and filtration, residue concentration streams may be
high and disposal of these volumes can add to the cost;

o) Local discharge of final, treated, wash waters will
require an NPDES permit or local sewer discharge
approval.

5.4.2.3 PUBLIC HEALTH AND ENVIRONMENTAL ISSUES

The following public health and environmental issues should be
considered:

o Since this alternative will result in removal of
contaminants from the site, it may prove effective in
minimizing future threats to public health and welfare
arising from the NL site. However, the performance of
the system clean-up goals should be demonstrated prior
to implementation:

o Depending upon the contaminants and the solvents used,
air (vapor) emissions from the process may have to be
examined.

5.4.3 COST CRITERIA

Cost evaluation for implementation of this alternative is presented
in Tables 5-4 and 5-5. While the soil wash process has been used
at a limited number of installations, it is not yet appropriate to
consider it a conventional technology, and the cost for its
application to the NL site may still be somewhat speculative.

5.5 ALTERNATIVE 4 - IN-SITU VITRIFICATION TREATMENT
5.5.1 DESCRIPTION

This alternative employs an innovative soil treatment technology,
vitrification, in an attempt to achieve adequate containment or
treatment of containments with the requirement for excavation of
the waste and subsequent on-site burial or off-site disposal and
associated operations. Potential savings in time and expense, and
reductions in operating hazards to be gained by eliminating these
operations must be evaluated against potential total
implementation/operating costs and uncertainties associated with
the vitrification process. Since the process is still in an early
stage of development, projected costs are somewhat uncertain.
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TABLE 5-4

ALTERNATIVE 3 - PRELIMINARY ESTIMATE, CAPITAL COST --
HAZARDOUS WASTE HANDLING/WASTE MATERIAL WASHING

ITEM

DESCRIPTION QUANTITY UNIT cCoOSsT, $ TOTAL COST, $
1 Waste Handling

o slag piles, 5,000 c.y. 5.00/c.y. $ 25,000

o standing water bottom sediment 200 c.y. 6.00/c.y. $ 1,200
2 Presort debris, equipment 4,000 c.y. 16.00/c.y. $ 64,000

and drums for future

treatment restaging
3 Soil Wash

(9,200 cy = 6,210 tons)

Laboratory evaluation and

process development

- Laboratory scale Lump sum $ 20,000

- Pilot scale Lump sum $175,000

o mechanical shredding, Lump sum

15 ton/hr (to avoid 6,500 tons 20/ton $130,000

equipment damage and
increase contact between
solvent and contaminants)
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TABLE 5-4

ALTERNATIVE 3 -~ PRELIMINARY ESTIMATE, CAPITAL COST --
HAZARDOUS WASTE HANDLING/WASTE MATERIAL WASHING

ITEM

DESCRIPTION

QUANTITY

UNIT COST, $

TOTAL COST, $

Waste material wash process,

o includes treatment/recycle
of wash solution and
disposal, approximately
100 cy/day

Disposal of treated material

o testing of washed material, one
sample per 500 cy. Sample and
analysis for VOA/BNA/metals
(incl. blanks)

Grading/Vegetation

Water supply for waste material#*
wash process

Engineering/oversight personnel
through implementation in phase
(4 persons, one year each)

Subtotal
Mobilization/Demobilization (30%)

Construction management, site
services

9,200 c.y.

20 samples

2 ac

500 loads

10,000 hr

100/c.y.

1,200 ea.

10,000

500/1oad

70/hr

$920,000

$24,000

$20,000

$250,000

$700,000

$2,329,200

$698,760

* Assume 2 loads/day i.e., approximately 20,000 gallons/day.

(continued)




TABLE 5-4

ALTERNATIVE 3 - PRELIMINARY ESTIMATE, CAPITAL COST --
HAZARDOUS WASTE HANDLING/WASTE MATERIAL WASHING

ITEM DESCRIPTION QUANTITY UNIT COST, $ TOTAL COST, $
L]

10 Technology Implementation, $698, 760
designs, plans, specifications,
regulatory approval, insurance
bonds, permits (30%)

11 Overhead and Profit (10%) $232,920
12 Contingency (25%) $582,300
13 TOTAL (rounded) $4,542,000
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TABLE 5-5

ALTERNATIVE 1 - PRELIMINARY ESTIMATE, CAPITAL COST --
HAZARDOUS WASTE HANDLING/WASTE MATERIAL WASHING

ITEM DESCRIPTION QUANTITY UNIT COST, $ TOTAL COST, S
1 Security Inspection, 32 hr. 70/hr $ 2,240
quarterly, 8 hrs.
2 Surface water Monitoring 8 hr 70/hr $ 2,100
(Annually)
o Analytical: nmetals 6 samples 1200/ea $ 7,200
plus blank duplicate Lump Sum 1000 $ 1,000
o Expenses: annual
3 Maintenance
o Fence repair 500 ft/yr 6/ft $ 3,000
o Vegetation Control, 15,000 s.y. 0.30 s.Y. $ 4,500
4 Reporting/Documentation
Annual engineering report 40 hr 70/hr $ 2,800
preparation
5 Annual Total (rounded) $ 22,840
6 Present worth*

$4,598,800/year for 3 years

*Assumes 3 year maintenance, post remediation, removal phase takes 1 year.




Furthermore, application of the process (which has been primarily
investigated) the treatment of metal and radiocactive contaminants
would regquire investigatory and pilot studies, and the cost and
time required for this development work should be considered.

The treatment to be achieved by in-situ vitrification (ISV)
consists of immobilization of metals within a crystalline matrix,
and volatilization, followed by combustion/oxidation of organic
(if any). The actual performance of the process in capture or
destruction of metals must be demonstrated prior to implementation.

Implementation of this alternative involves the following steps.
A generalized diagram of the process is presented in Figure 5-1.

o Excavation of slag and lead oxide piles and other waste
areas;
o} Selection of suitable on-site area for waste material

vitrification and excavate suitable size vitrified area:

o In-situ vitrification of contaminated fill area,
extending into waste materials disposed in vitrified
area, and

o Grading and revegetation.

The investigatory/pilot program is not included in the above.
Information for this alternative has been developed in part through
literature provided by vendors of Pyrogenic, Inc. and Geosafe
Corporation. As indicated in Figure 5-1, the components of a large-
scale vitrification system include the electrodes, the off-gas
containment/collection hood, support and control facilities, and
an off-gas treatment facility. Relatively close proximity of
support facilities to the area to be treated may be required , and
this would complicate application over a large geographic area.

5.5.2 NON COST CRITERIA
5.5.2.1 TECHNICAL CONSIDERATIONS

Literature reports indicate that vitrification of contaminated
solls results 1in the formation of a stable glass 1like and
crystalline mass which 1is quite resistant to 1leaching and
weathering (Oma, et al, 1983). It should therefore, in such
applications, result in an essentially permanent remedial
technology, as long as no future use of the property would require
excavation.
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Testing has demonstrated that the ISV process is effective at
depths up to 10 to 12 feet which is adequate for the wastes at NL
site. A major uncertainty in the application of ISV process to
material such as exists at the NL site involves the heterogeneity
of the materials and the capability of the technology to deal with
void spaces and discontinuities. Cement and concrete inclusions are
reported to dissolve in the melt. Vitrification of waste material
containing containers (e.g., drums) may result release of gas (if
any) to be captured in the ISV off-gas hood Oma et al, 1983;
Fitzpatrick, 1987a).

The existence of the shallow water table in the base of the
vitrified area may affect ISV operations. Energy requirements and
cost will increase due to the necessity for evaporating this
moisture. If an electrical short circuit is achieved the process
will be compromised.

Operational <cautions which should be <considered 1in the
implementation of ISV may include potential for accidental gas
release due to hood failure, and precautions associated with high
temperature and high voltage equipment.

Current information on the processing rate for vitrification
indicates that complete vitrification of the NL site, assuming 24
hours/day of operation, may take approximately 1 year.

While research and pilot testing of this process indicates promise
for application 1in heterogeneous materials it has not Dbeen
demonstrated for highly heterogeneous materials such as are present
at the NL site. Substantial development work is 1likely to be
required prior to selection of this option.

5.5.2.2 INSTITUTIONAL CONSIDERATIONS

The following institutional <considerations apply to this
alternative:

o This alternative is likely to achieve or exceed cleanup
levels or metals in waste materials, and will
substantially reduce contribution of all contaminants to
the surface and ground water. The immobilization of
metals 1in the glass matrix will reduce incidental
exposure to these contaminants, but any future use as
construction which require excavation of the material
may result in some hazard.

o Government and local opposition to this alternative as
along term solution would likely be limited to concern
over long-term prohibition of future land use, as with
certain other options. Long-term impact in terms of
maintenance monitoring or surveillance should be
relatively low;
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o Short term impact on the surrounding community would be
those related to construction activities at the site
(noise, traffic). Local concerns which may arise about
the potential for uncontrolled accidental release of
combustible gas from the hood can be addressed during
the public information phase, and

o Materials likely to be transported off-site under this
alternative would be limited to the debris removal to
clean out the whole site. Part of the hazardous waste
(standing water and building wash water) need to be
handled in a selected technology option as part of
remediation phase.

5.5.2.3 PUBLIC HEALTH AND ENVIRONMENTAL ISSUES

The following public health and environmental issues should be
considered:

o} This alternative would appear to provide adequate long-
term protection of public health and the environment, so
long as the solidified mass is left intact and in place,
and

o As 1long as air emissions from the off-gas hood are
effectively and consistently controlled, the degree of
short-term (implementation phase) hazard to public health
and the environment should not be excessive.

5.5.3 COST CRITERIA

Cost evaluation for implementation of this alternative is shown in
Table 5-6 and 5-7. Cost for the actual vitrification process have
been developed from vendor contact and should be considered
speculative in the absence of testing and detailed treatability
analysis.

S.6. ALTERNATIVE 5 - HYDRO-METALLURGICAL LEACHING PROCESS
5.6.1 DESCRIPTION

The hydro-metallurgical 1leaching treatment alternative would
involve extraction of heavy metals from the toxic waste materials
and recovery of the dissolved metals into a saleable product from
the existing toxic residues. The technology process would likely
be based upon principles of hydro-metallurgy commonly used for the
extraction of metals from the ores. The primary implementation
options under this alternative would be (1) on-site treatment
mainly involve leaching and filtration tanks (see Figure 5-2) which
would be build/constructed and operated on-site for the duration
of the cleanup effort, and (2) transportation of treated materials
to an off-site commercial RCRA landfill for
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ALTERNATIVE 4

TABLE 5-6

IN-SITU VITRIFICATION

- PRELIMINARY ESTIMATE, CAPITAL COST --

ITEM DESCRIPTION QUANTITY UNIT COST, S TOTAL COST, $
1 Site preparation
Excavation of vitrified 1,500 c.y. 5/C.Y. $ 7,500
area for vitrification
(save excavated material
for reburial)
2 Vitrication process
Laboratory evaluation and Lump sum
Process Development
- laboratory scale Lump sum $ 50,000
- pilot scale Lump sum $ 150,000
Vitrification processing 9,200 c.y. 300/c.y. $2,760,000
3 Reburial of overburden 1,500 c.y. 6.00/cC.Yy. S 9,000
4 Makeup fill, plus soil 1,000 c.y. 20/c.y. S 20,000
cover, 2 ft. total
5 Grading/Vegetation 2 ac 10,000 $ 20,000
6 Clearing drums, debris 4,000 c.y. 16.00/c.y. $ 64,000
and other waste material
(continued)
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TABLE 5-6

ALTERNATIVE 4 - PRELIMINARY ESTIMATE, CAPITAL COST --
IN-SITU VITRIFICATION

ITEM DESCRIPTION QUANTITY UNIT COST, $ TOTAL COST, $
7 Excavation of contaminated 9,200 c.y. 5.00/c/y. S 46,000
soil, slag piles and other
waste materials for vitrification
8 Off-site disposal of 300/tons 1,175/ton $ 352,000
vitrified material (assumes
450 c.y.)
9 Engineering/oversight 1,500 70 $ 105,000
personnel through
Implementation Phase
(3 persons) (1 year)
10 Subtotal $3,584,000
11 Mobilization/Demobilization (25%) $ 896,000
Construction management, site
services
12 Technology Implementation, $1,075,200
designs, plans, specifications,
regulatory approval, insurance
bonds, permits (30%)
13 overhead and Profit (10%) $ 358,400
13 Contingency (25%) $ 896,000
15 TOTAL (rounded) $ 6,809,600
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TABLE 5-7

ALTERNATIVE 4 - PRELIMINARY ESTIMATE, OPERATING AND MAINTENANCE COSTS --
IN-SITU VITRIFICATION

ITEM DESCRIPTION QUANTITY UNIT COST, $ TOTAL COST, $
1 Security inspection, 32 hr 70/hr $ 2,240
quarterly, 8 hr.
2 Surface water monitoring 8 hr 70/hr $ 2,100
(annually)
o Analytical: metals 6 samples 1200/ea $ 7,200
plus blank duplicate Lump sum 1000 $ 1,000
o Expenses: annual
3 Maintenance
o Fence repair 500 ft/yr 6/ft $ 3,000
o Vegetation control 15,000 s.y. .30 s.Yy. $ 4,500
4 Reporting/Documentation
o Annual: engineering report 40 hr. 70/hr $ 2,800
preparation
5 ANNUAL TOTAL $22,840
6 Present worth (rounded)* $6,866,400/year for

3 years

* Assumes 3 year maintenance, post remediation,

removal phase takes 1 year.
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disposal. Included as a baseline in this overall alternative is
the suboption of off-site disposal of all treated materials. This
permits comparison between the cost of the treatment and the cost
of direct redisposal. Other alternatives which involve treatment
of waste materials may also be compared to this baseline.

The hydro-metallurgical treatment technology would be expected to
exceed source control cleanup criteria for the identified
contaminants. However, the process is depending upon the ability
of caustic solutions to efficiently extract oxidic lead compounds
from the complex residue. To some extent, such solution may not
significantly attack the contaminant because of inert material
present in the residues. The advantage of this treatment is that
lead metal are recovered from the leach solution using a variety
of reactive metals such as scrap aluminum chips.

As an alternative, one of the leaching-based 1innovative
technologies separates metals from the waste residue and recovers
the metal for a saleable product in the market as a non-hazardous
material. However, this alternative seems to be economical and
slightly lower in cost than the soil washing and or in-situ soil
flushing processes. However, substantial investigation/pilot work
would be necessary before selecting this alternative.

All waste materials would be excavated or physically removed under
this alternative. The extent of excavation may range from selected
areas of contamination to the entire site depending on the remedial
goals. The general outline to a hydro-metallurgical leaching
process for the NL site would include the following operations:

o Excavation/removal of waste materials and "hot spots" or
contaminated soils;

o Manual sorting (using construction equipment) of large
debris from the waste materials (furnace bricks, facility
equipments and other debris) for separate decontamination
process (stream jet/laser jet washing). The materials
must be provided prior to hydro-metallurgical leaching
to prevent damage to the process equipment;

o Staging of excavated, pre-sorted material for processing;

o Mechanical shredding of materials to facilitate and
protect the process equipment and improve the
efficiency of treatment process;

o Hydro-metallurgical leaching process;

o Sampling of treated materials for residual contamination
as well as leach solution;
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o Provide on or off-site disposal of treated materials,
and

o ~ Clearing of the site, grading and vegetation.

While this evaluation is based primarily upon demonstrated pilot
test case studies (L.Lherbier, 1988), the pilot test program is
not included in the above. Information for this alternative has
been developed in part through literature provided by a single
vendor Pittsburgh Mineral and Environmental Technology, Inc. As
indicated in Figure 5-4, the components of a pilot plant leaching
process include the oxide volumetric feeder, leach tank, process
surge tank, filter press, cementation tank. filtrate tanks,
polishing filters, and spent liquor tank (see Figure 5-2).

5.6.2 NON COST CRITERIA
5.6.2.1 TECHNICAL CONSIDERATIONS

The ability of hydro-metallurgical leaching proces to remove metals
identified at the NL site 1is reasonably certain. The basic
metallurgical process was supplemented by the incorporation of an
filter press (lead sponge) and spent liquor tank before bleeding
solution to lead cake. A trial leaching process would likely be
needed to determine the efficiency of this alterative.

A major consideration in determining the feasibility and cost
effectiveness of hydro-metallurgical 1leaching process 1is the
material throughput rate of the system, and the percent (%) of the
metallic content being removed. Truly portable systems, which are
limited in size, would be sufficient to treat the waste material
at NL site. For this reason, a fairly small to medium hydro-
metallurgical leaching system needs to be mobilized on-site; at the
end of the project the system would be demobilized, disassembled
and removed.

Excavation of the fill materials at the NL site will be complicated
by the presence of large objects, such as furnace bricks, drums,
process equipment and fiber bags which need to be pre-sorted for
decontamination purposes. This factor will affect all alternatives
which require excavation, and 1is not unique to the hydro-
metallurgical leaching process.

The actual implementation of the various operations required under
this alternative 1is straightforward, as all are conventional
technologies.

5.6.2.2 INSTITUTIONAL CONSIDERATIONS

The following institutional considerations apply to this
alternative:

o Treated materials may retain some low concentrations of
contaminates;
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o The off-site disposal of treated materials must be the
requirements of the cleanup criteria. This treatment
should approach the stated goal of reducing toxicity and
/or volume of wastes considered for off-site disposal;

o The potential for relatively high process throughput
rates may, depending upon the rates of other components
(such as excavation and post treatment sampling) help
and minimize impacts arising from effort. These (short-
term) impacts would primarily be those associated with
the heavy construction work, with respect to noise and

traffic;
o Off-site disposal of pre-sorted debris, treatment process
concentrate streams (bleed liquid), and any

unsuccessfully decontaminated wastes will require
compliance with Federal and State DOT requirements for
handling, transport, and tracking of hazardous wastes;

o Local discharge of final, treated, wash waters will
require a NPDES permit or local sewer discharge approval.

5.6.2.3 PUBLIC HEALTH AND INSTITUTIONAL ISSUES

The following public health and environmental issues should be
considered: |

o This alternative should be expected to provide adequate
protection of public health from hazards associated with
direct contact with site materials. It can be also
expected to effectively eliminate the contribution of
this site to further surface water contamination and air
pollution, however, the performance of the system clean-
up goals should be demonstrated prior to implementation,

and

o Depending upon the contaminants and the reagents used,
vapor emissions from the process may have to be
examined.

5.6.3 COST CRITERIA

An evaluation of costs associated with this alternative is
contained in Tables 5-8 and 5-9.
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TABLE 5-8
ALTERNATIVE 5 - PRELIMINARY ESTIMATE, CAPITAL COST -- HYDRO-METALLURGICAL LEACHING PROCESS
ITEM DESCRIPTION QUANTITY UNIT COST, $ TOTAL COST, $
1 Waste handling
o slag piles, 5,000 c.y. 5.00/c.y. $ 25,000
o standing water bottom sediment 200 c.y. 6.00/c.y. $ 1,200
2 Presort debris, equipment 4,000 c.y. 16.00/c.y. $ 64,000
and drums for future
treatment restaging
3 Hydro-metallurgical leaching process
(9,200 cy = 6,210 tons)
Laboratory evaluation and
process development
- Laboratory scale Lump sum $ 20,000
- Pilot scale Lump sum $175,000
o mechanical shredding, Lump sum
15 ton/hr (to avoid 6,500 tons 20/ton $130,000
equipment damage and
increase contact between
solvent and contaminants)
(continued)
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TABLE 5-8
ALTERNATIVE 5 - PRELIMINARY ESTIMATE, CAPITAL COST -- HYDRO-METALLURGICAL LEACHING PROCESS
ITEM DESCRIPTION QUANTITY UNIT COSsT, $ TOTAL COST, $
Hydrometallurgical leaching process
o includes treatment/recycle 6,500 tons 70/ton $ 455,000
of wash solution and
disposal, approximately
100 cy/day
4 Disposal of treated material
o testing of treated material, one 20 1,200 ea. S 24,000
sample per 500 cy. Sample and
analysis for VOA/BNA/metals
(incl. blanks)
5 Water supply for hydrometallurgical 250 loads 500/1o0ad $ 125,000
leaching process
6 Grading/Vegetation 2 ac 10,000 $ 20,000
7 Engineering/oversight personnel 10,000 hr 70/hr $ 700,000
through implementation in phase
(4 persons, one year each)
8 Subtotal $1,739,200
9 Mobilization/Demobilization (25%) $ 434,500
Construction management, site
services
(continued)
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TABLE 5-8
ALTERNATIVE 5 - PRELIMINARY ESTIMATE, CAPITAL COST -- HYDRO-METALLURGICAL LEACHING PROCESS
ITEM DESCRIPTION QUANTITY UNIT COST, $ TOTAL COST, $
10 Technology Implementation, $ 521,760
designs, plans, specifications,
regulatory approval, insurance
bonds, permits (30%)
11 Overhead and Profit (10%) $ 173,920
12 Contingency (25%) $ 434,800
13 Sub Total $3,304,480
14 Assume recovery of lead 35% 2,275 tons $47/ton $ 106,925
per ton and market sellable
value $47/ton (Credit)
15 TOTAL (rounded) $3,197,500
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ALTERNATIVE 1 -

TABLE 5-9

PRELIMINARY ESTIMATE OF OPERATING AND MAINTENANCE COSTS ---

HYDROMETALLURGICAL LEACHING PROCESS

ITEM DESCRIPTION QUANTITY UNIT coOSsT, $ TOTAL COST, $
1 Security Inspection, 32 hr. 70/hr $ 2,240
quarterly, 8 hrs/quarter
2 Surface water Monitoring 8 HR 70/hr $ 2,100
(Annual)
o Analytical: metals 6 samples 1200/ea $ 7,200
plus blank/duplicate
o Expenses: annual Lump sum 1000 $ 1,000
3 Maintenance
o Fence repair 500 ft/yr 6/ft $ 3,000
o Vegetation Control, 15,000 s.y. 0.30 s.Yy. $ 4,500
4 Reporting/Documentation
Annual engineering report 40 hr 70/hr $ 2,800
preparation, quarterly
8 Annual Total $ 22,840
9 Present worth (rounded)* $3,254,300/year for 3 years
*Assumes 30 years maintenance, post remediation; removal phase takes 1 year.




5.7 ALTERNATIVE 6 - BLEACHING/HYDROBLASTING PROCESS
FOR BUILDING DECONTAMINATION

5.7.1 DESCRIPTION

In order to thoroughly decontaminate the processing building, an
aggressive approach is needed. This approach should be easily
implemented and provide a thorough decontamination of the building
as well as be safe for workers who are doing the job. I t is
recommended that conjunctive technology, a combination of the
bleaching and hydroblasting processes be used. This process will
capture the advantages of both processes (See Figure 5-3).

With this process, the building will be thoroughly decontaminated.
The bleaching process works well on metal surfaces, and may be used
to remove several contaminants. This process uses appropriate
bleach formulation to chemically break down the contaminant, and
disengage it from the surface. The hydroblasting method physically
dislodges the contaminant from the surface and forces it into a
sump or other type of holding pool.

The major disadvantage is the amount of bleach/wastewater sludge
that will be produced. Rough estimates indicate approximately 1.8
million gallons of wastewater will result due to this process. This
wastewater will have to be treated with an ion-exchange unlt before
being sent off-site.

5.7.2 NON COST CRITERIA
5.7.2.1 TECHNICAL CONSIDERATIONS

Alternatives to this process are to use any one of the processes
individually. However, each process does present a disadvantage if
used by itself.

The bleaching process does not allow for a thorough physical
degradation of the contaminated area. If employed alone, this
process is difficult to remove from the walls, machinery parts,
and other affected areas.

The hydroblasting process is the opposite of the bleaching process

does not allow for a thorough chemical degradation of the

contaminated area. With hydroblasting, only surface areas will be

decontaminated, leaving contamination in the subsurface.

$5.7.2.2 INSTITUTIONAL CONSIDERATIONS

The following institutional considerations apply to this method.

o The waste stream from the decontamination procedure

will contain a large concentration of lead. This stream

will have to be at compliance levels before being sent
off-site to a treatment plant.
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o Off-site disposal of presorted debris and other

unsuccessfully decontaminated wastes must comply with

. Federal and State DOT requirements for handling,
transport and tracking of hazardous wastes.

o Local discharges of final, treated, wash waters will
require NPDES permits or local sewer discharge permits.

o During the decontamination process, the possibility of
the contaminant being forced to circulate throughout
the building is great. This will necessitate constant
air monitoring of the building, to ensure workers are
not being exposed to levels of lead dust that exceed the
permissable levels of the protective equipment.

5.7.2.3 PUBLIC HEALTH AND ENVIRONMENTAL ISSUES

The following public health and environmental issues should be
addressed:

o Since this alternative will result in removal of
contaminants from the NL site, it will prove effective
in minimizing future threats to the public health and
welfare near the site. However, the performance of the
system's clean-up goals should be demonstrated prior to
implementation. ’

o Depending on the contaminants and the solvents used,
air emissions from the process may have to examined.

§.7.3 COST CRITERIA

Cost evaluation for the implementation of this process is presented
in Table 5-10. It is not known whether this conjunctive technology
has been applied at another installation, so the implementation
costs may be speculative.

5.8 ALTERNATIVE 7 - ION EXCHANGE
5.8.1 DESCRIPTION

The DeVoe-Holbein resin removes metals from wastewater, thereby
meeting discharge regulatory standards. This process has a removal
efficiency of 99.99% in areas where the metals concentrations can
range from 0 to 1,000 ppm. This process significantly reduces the
volume of waste after treatment. See Section 4.12 for additional
details. .
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ALTERNATIVE 6 - PRELIMINARY ESTIMATE, TOTAL COST --

TABLE 5-10

BLEACHING/HYDROBLASTING PROCESS FOR BUILDING CONTAMINATION

1.3 million gallons from
hydroblasting and .7 million
gallons from bleaching process)

ITEM DESCRIPTION QUANTITY UNIT COST, $ TOTAL COST, $
1. Equipment

o] Holding pools (2) 50,000 gal. 641/mo $ 2,564

o Laser jet wash unit (1) Lump sum 4100/mo S 8,200

o Vacuum unit (1) Lump sum 3435/mo $ 6,870

o Pumps w/hoses (2) Lump sum 400/mo S 1,600

o Bleaching agent/

calcium hypochlorite Lump sum $ 20,000

o Response technicians (4) 1920 hr. 25.36/hr. S 48,961

o Chemist (2) 1000 hr. 54.02/hr. $ 54,020
2. Wastewater Treatment by

Ion Exchange Lump sum* $ 280,000
3. Wastewater Treatment by

Chemical Precipitation and

Separation Lump sum*#* $ 545,000
4. Disposal of Treated Water

(Assumes 2.0 million gallons; 400 loads 500/1o0ad $ 200,000
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TABLE 5-10

ALTERNATIVE 6 - PRELIMINARY ESTIMATE, TOTAL COST --
BLEACHING/HYDROBLASTING PROCESS FOR BUILDING CONTAMINATION

+

ITEM DESCRIPTION QUANTITY UNIT COST, $ TOTAL COST, $
5. Transportation of Treated

Water

(Assumes 2 million gallons) 400 loads 500/1load $ 200,000

TOTAL COST (Excluding Chemical
Precipitation and
Separation Technology)

TOTAL COST (Excluding Ion Exchange
Technology)

$ 822,215

$1,087,215

*Itemized cost (details see Table 5-11)

**Jtemized cost (details see Table 5-12)




5.8.2 NON COST CRITERIA
5.8.2.1 _ TECHNICAL CONSIDERATIONS

The process will protect human health and the environment. The
waste waters will be treated and eliminate the chances of the
standing water contaminating soil and groundwater. Treated water
must meet the state discharge requirements before being discharged
to the sewer. The concentrated metal waste will be sent off-site
" to be recycled.

Once the waste is treated and the concentrated metal solution is
recycled, no further remediation will be necessary for the standing
water. Therefore, this technology is permanent and has long term
effectiveness. This technology eliminates the toxicity, mobility
and volume of the waste stream.

It is believed this treatment method will be accepted by the State
and community. Nothing will be left onsite from the treatment
process.

5.8.2.2 INSTITUTIONAL CONSIDERATIONS

The ion exchange treatment process creates two products, a treated
water (effluent) and a concentrated metal (recovered metals). If
treated water meets the NJDEP effluent standards, the effluent can
be discharged to a wastewater treatment facility. The recovered
metals from the process will be sent to an industry for recycling.

5.8.2.3 PUBLIC HEALTH AND ENVIRONMENTAL ISSUES

By treating the standing water, ion exchange will eliminate the
possibility of further groundwater and soil contamination. This
technology will therefore be beneficial to the public health and
the environment. Treated water will be discharged to the local
sewer, but only when it meets NJDEP discharge requirements.

5.8.3 COST CRITERIA

No previous studies have been done to give an accurate cost
estimation for using ion exchange on hazardous wastes comparable
to the standing water found at the National Lead site. Therefore,
an estimated cost of $905,000 is given for treatment of the
wastewaters found at the site (see Table 5-11}).

5.9 ALTERNATIVE 8 - CHEMICAL PRECIPITATION AND SEPARATION

5.9.1 DESCRIPTION

Chemical precipitation has been used successfully to treat metal
contaminated waste waters in industry and municipally owned

wastewater treatment plants. This technology can also lower metal
concentrations in the product stream to less than 1 mg/l.
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ALTERNATIVE 7 -

TABLE 5-11

PRELIMINARY ESTIMATE, TOTAL COST --

ION EXCHANGE

ITEM DESCRIPTION QUANTITY UNIT coOSsT, $ TOTAL COST, $
1. Ion Exchange Unit *3 million $ 125,000
gallons
treatable
capacity
2. Operation and Maintenance Lump sum $100,000
for one year
3. Set up lab on-site for Lump sum $ 50,000
treated water analysis
with one chemist
4. Bench/pilot scale test Lump sum $ 30,000
before process implementation
5. Disposal cost for treated 400/each $500/1o0ad $200,000
water at wastewater
treatment plant
6. Transportation of treated 400/each $500/1oad $200, 000
water to waste water
treatment plant.
TOTAL COST $705, 000
*Assumes: 2 million gallons of wastewater from building decontamination and 1 million

gallons of on-site standing water.




5.9.2 NON COST CRITERIA
5.9.2.1 _ TECHNICAL CONSIDERATIONS

Chemical precipitation as a treatment of hazardous liquids at the
NL site will protect the environment and human health. This
technology will also be in compliance with ARARs. However, testing
is needed to determine the cost to comply with ARARs and if the
technology is economical for consideration. This technology is an
effective method for treating liquid wastes. Once the waste is
treated it need not be treated again. Chemical precipitation will
also effectively reduce the toxicity of the metals by oxidation.

Oxidized metals will be in solid form, thereby reducing their
mobility and reducing the volume of hazardous liquid. This method
will also be accepted by the state and local community. This
method is used extensively in industry and in their own public
water treatment works.

5.9.2.2 INSTITUTIONAL CONSIDERATIONS

The products of this treatment method are a treated water stream
and a metal oxide sludge. The treated water stream can be
discharged to the local sewer if it meets NJDEP permit standards.

A permit will have to be obtained and will set the standards of
metal concentrations in the treated water streanm.

The metal oxide sludge can be landfilled. Metal oxides are non-
toxic and the mobility of the waste is reduced.

As this treatment method only produces liquid product streams, air
solution is not a problem for chemical precipitation.

5.9.2.3 PUBLIC HEALTH AND ENVIRONMENTAL ISSUES

This technology shall protect public health and the environment.
This method will prevent further contamination of the soil and
groundwater by treating the liquid waste. The treated water will
be discharged to the local authority if it meets NJDEP discharge
limits.

The metals originally in the waste stream are changed to metal
oxides, which are less toxic and can be landfilled. At this point,
the liquid hazardous waste needs no further treatment.

5.9.3 CO8T CRITERIA

The cost estimate for complete treatment of the wastewater is
presented in Table 5-12 including disposal of stabilized sludge
and treated water.
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ALTERNATIVE 8 -

TABLE 5-12

PRELIMINARY ESTIMATE, TOTAL COST --
CHEMICAL PRECIPITATION AND SEPARATION

ITEM DESCRIPTION QUANTITY UNIT COST, $ TOTAL COS'T, $
1. Equipment and Chemicals *3 million $250,000
gallons
treatable
capacity
2. Operation and Maintenance Lump sum $120,000
for one year
3. Set up lab on-site for Lump sum $ 50,000
treated water analysis
with one chemist
4. Bench/pilot scale test Lump sum $ 60,000
before process implementation
5. Disposal of sludge 120 tons $200/ton $141,000
at approved landfill 6 truckloads
treatment plant
6. Disposal cost for treated 400/each $500/1o0ad $200,000
water at wastewater treatment
plant
7. Transportation of treated 400/1oad $500/1load $200, 000
water to waste water treatment
TOTAL COST $1,021,000

*Assumes 2 million gallons of wastewater from building decontamination and 1 million gallons
of on-site standing water.
**Includes transportation.




6.0 COMPARATIVE ANALYSIS OF ALTERNATIVES

6.1 BASIS OF COMPARISON

In this section, the selected remedial alternatives are presented
in concise tabular form in order to facilitate direct comparison
of advantages/disadvantages associated with each. The comparison
is presented according to the same general categories as used in

the detailed evaluation section:
o Technical Considerations;
o Institutional Considerations;
o Public Health Environmental Issues, and
o Cost Considerations.
This information is presented in Table 6-1.

presented for various alternatives in Table 6-2.
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TABLE 6-1

EVALUATION SUMMARY OF ALTERNATIVES
FOR WASTE MATERIALS TO BE TREATED AT NL INDUSTRIES

PEDRICKTOMN, NEW JERSEY

ALTERNAT I VE/WASTE®
MATERIAL TO BE
TREATED

PRESENT
WORTH
CcosT

TECHNICAL CONSIDERATIONS

INSTITUTIONAL
CONSIDERATIONS

PUBLIC HEALTH/
ENVIRONMENTAL ISSUES

COMMENT

No Removal Action

Minimal Mitigative
Action

$ 351,300

$1,725,800

Technical implementation is
straightforward

A continuing site monitoring/
security is required.

interpretation of monitoring
data, and evaluation of changes
in air quality and surface water
conditions.

Technical implementation is
straightforward continuing
moni toring/security program
is required.

Interpretation of monitoring
data and evaluation of quatity
in surface water, air and gross
contamination on debris is also
necessary.

Under SARA guidelines
controls which do not
meet applicable require-
be acceptable as an
interim measure.

Public opposition may be
encountered since no
reduction in existing
hazards is anticipated.

Public opposition may be
encountered since no
reduction in existing
hazards is anticipated;

Local discharge of waste

water witl require an NPDES

permit or local sewer
discharge approval.

Require technical and
administrative commitment
throughout process.

No significant reduction in
excess health risks, except
any occurring via natural

attenuation, would be expected.

Implementation will not
result in significant
surface water or air
environmental impact.

Implementation would
result in reduction of
some associated health
risks.

Implementation would
result in significant
reduction of gross
contamination of debris,
and also in contamination
of water.

Does not achieve
applicable clean-up
criteria.

Achieves some cleanup
criteria.

CRE
*A = Slag Piles
B = Lead oxide piles
C = Other waste areas
D = Building Decontamination
E =

Standing Water and Building Decontaminated Water
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Table A-8  CHEMICAL ANALYSIS OF STANDING WATER
NL Industries, Pedricktown, New Jersey
(All Units tn ug/liter)
| BSL | SMO/TAT SAMPLE NUMBER | ]
| INORCANICS | o m e e | |
R it |Mmazoo/ [BAZ01/ |MBAZO2/ |MBAZO3/ |MBAZO4/ |MBAZOS/ |MBAZO6/ |MBAZO?/ |MBAZOB/ | AVERAGE|

|7429-90-5 |Alumioua | 58.7
|7440-36-0 {antimony | 3
|7640-38-2 |Arsentic |

|15L0~39-3 Illtlu- I

|7640-41-7 [Berylltum | 3
|7440-43-9 |Cadatum | 419
|7640-70-2 |Caletum | 12700
|7440-47-3 |Chromium | )
|7440-48-4 fCobale | 217
|7440-50-8 |Copper | 702
[7439-89-6 |1zon |  so3
|7439-92-1 |Lesd | 32710
|7439-95-4 |Magnesiua | 3960
|7439-96-3 |Mangsnese | 328
|7439-97-¢ |Mercury | 0.3
|7840-02-0 |Wickel | 343
|7440-09-7 |Potassium | 4000
{7782-49-2 |Selentus | 50
J7¢40-22-4 |stdver | 7.4

|7440-23-5 |sodiue | 153000
|7440-28-0 |Thallium | 6
[7440-62-2 [Vansdiua | 12
|7440-66-6 |21ne | 7230
I |Cyanldo I

698000
[]

20.4
1520

8660
141

107
678
2000
1480
26.3
0.2
26.4
10800

162000

12
i

272000

12
10%

3160

7.4
3430

12
72

156000
6

12
7200

|PamaMETER |0311-015)0311-025)0311-035}0311-045)0331-055[0311-065]0311-075]0313-085|0311-095| CONC. |

383.4 |
319.8 |
.o |
0.8 |
3.0 |
282.1 |
13205.6 |
8.7 |
61.0 |
223.6 |
998.9 |
2486.1 |
2691.1 |
124.3 |
0.3 |
99.6 |
4720.0 |
15.0 |
7.3 |
229492 |
6.0 |
12.9 |
22376 |
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TABLE 6-1
EVALUATION SUMMARY OF ALTERNATIVES
FOR WASTE MATERIALS TO BE TREATED AT NL INDUSTRIES
PEDRICKTOMN, NEW JERSEY

TECHNICAL CONSIDERATIONS

INSTITUTIONAL
CONSIDERATIONS

PUBLIC HEALTH/
ENVIRONMENTAL ISSUES

COMMENT

ALTERNATIVE/WASTE* PRESENT
MATERIAL WORTH
TO BE TREATED cosT
Hazardous Waste
Handl ing/Waste $4,598,800
Material Washing
A, BR&C

Proprietary processess are
available which should be
applicable for chemical
extraction of contaminants
from waste material
simplifying implementation.
Vendors process schemes include
treatment of contaminated wash
solutions. Processes rely
upon known technologies
derived from mining and oit
recovery businesses,

Pilot testing required.

Substantial pre-sorting and
shredding, as weill as materials
handl ing/staging complicates
clean-up effort.

Length of remedial effort

depends on process through
put rate selected, may be

several years.

Under SARA guidel ines controls

which do not meet applicable

requirements be acceptable as

an interim measure.

Pubtic opposition may be

encountered since no reduction

in existing hazards is
anticipated.

Final washwater requires
disposal; vendor literature
indicates discharge

may be technically feasible.
Discharge permit may be
required.

Off-site disposal of

treated materials requires
compliance with State and DOT
regulations.

Littte potential for local
opposition during
implementation phase.

Should result in permanent
reduction in public health
threat through direct contact
route; public health

threat from surface water

is unknown.

Relatively lLittle potential
for negative public threat or
environmental impact during
implementation, provided
contaminated wash water is
managed appropriately.

Periods of open excavation
and storage of staged
materials on surface requires
management of run-off and air
emissions of contaminants.

Likel to meet or
exceed soil clean-

up criteria likely

to substantially
reduce contamination
of surface water from
NL site.
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TABLE 6-1

EVALUATION SUMMARY OF ALTERNATIVES
FOR WASTE MATERIALS TO BE TREATED AT NL INDUSTRIES

PEDRICKTOWN, NEW JERSEY

TECHNICAL CONSIDERATIONS

INSTITUTIONAL
CONS IDERATIONS

PUBLIC HEALTH/
ENVIRONMENTAL [SSUES

COMMENT

ALTERNATIVE/WASTE* PRESENT
MATERIAL WORTH
TO BE TREAYED cosT
In-Situ
Treatment
(vitrification) $ 6,866,400
A, B, &C

Innovative treatment available

as a patented process from vendor.

Has potential for effective
immobi lization of metals.

Has some potential for treating
heterogenous materials and those
containing void spaces.

Pilot testing required.
Implementation phase likely to

take several years depending
upon size of system.

Likely to meet or exceed
clean-up criteria in waste
materials.

Should result in relatively
permanent resolution of
existing contamination.

Whilte hood is used to collect
of f gases, any releases must
comply with Federal and
state air pollution
regulations.

Off-site disposal of some
materials requires compliance
with State and DOT
regulation.

Implementation phase may
result in public concern/
opposition due to
unconventional technology
and concern over air release.

Implementation would likely
preclude any future
construction use of property.

Should result in permanent
reduction in public health
threat through direct contact
contact route (although future
construction is precluded in any
event), effect of public health
threat from surface water or
ground water is unknown.

Potential for accidental
release of gas, resulting in
negative impact, is slight.

Future use of site is
substantially restricted due
to inability/difficulty in
excavating vitrified mass.

Likely to meet or
exceed organic clean-
up criteria in waste
material; metals
level unchanged.

Likely to substantially
reduce contamination of
groud water fram NL site.
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TABLE 6-1

EVALUATION SUMMARY OF ALTERNATIVES
FOR WASTE MATERIALS TO BE TREATED AT NL INDUSTRIES

PEDRICKTOWN, NEW JERSEY

TECHNICAL CONSIDERATIONS

INSTITUTIONAL
CONSIDERATIONS

PUBLIC HEALTH/
ENVIRONMENTAL [SSUES

COMMENT

ALTERNATIVE/WASTE* PRESENT
MATERIAL WORTH
TO BE TREATED cosTt
Hydro-Metal lurgical
Leaching Process $3,254,300
A,B,&C
Bleaching/
Wydroblasting $822,200
.D (exctuding
chemical
precipitation

Innovative treatment available
as a patented process from
vendor.

Pilot testing required.

Substantial pre-sorting and
shredding as well as materials
handling, staging complicates
clean-up efforts.

Length of remedial effort depends
on process throughput rate
selected may be a year.

Technical implementation is
straightforward.

and separation)

$1,087,200
(exluding

ion exchange)

Continuing monitoring/security
program required.

Interpretation and evaluation
of data.

Likely to meet or exceed
criteria in waste material.

Off-site disposat of treated
materials requires compliance
with EPA State and DOT
regutations.

No local opposition during
implementation phase.

Requires technical and
administrative commitment
throughout the program.

No public opposition should
occur.

Should result in permanent
reduction in public health threat
through direct contact route
effect on public health threat
from surface water or air
poliution is unknown.

Retatively Little potential for
negative public threat or
environmental impact during
implementation, provided treated
waste are managed appropriately.

Periods of open excavation and
storage of staged materials on
surface requires management of
run-off and emissions of
contaminants.

A significant reduction in
health risks would occur.

Implementation may result in
increase in environmental
impact on surface water.

Exceed clean-up
criteria and sub-
stantially reduce
contamination of
surface run-off from
the site.

Achieves applicable
clean-up criteria.
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TABLE 6-1

EVALUATION SUMMARY OF ALTERNATIVES

FOR WASTE MATERIALS TO BE TREATED AT NL INDUSIRIES

PEDRICKTOWN, NEW JERSEY

TECHNICAL CONSIDERATIONS

INSTITUTIONAL
CONSIDERATIONS

PUBLIC HEALTH/
ENVIRONMENTAL ISSUES

COMMENT

ALTERNAT I VE/WASTE* PRESENT
MATERIAL WORTH
TO BE TREATED cosTt
lon Exchange $705,000
D&E
Precipitation
and Separation $1,021,000

Pilot testing required
permit required for treated
Has potential for treating
wastewater.

Regeneration of the ion

exchange resin will require
downtime.

Pilot testing required

potential for treating
wastewater.

A chemical precipitant will
have to be selected.

Hexavalent chromium may have

to be treated in a pretreatment

operation.

NPDES/local sewer discharge
permit required for treated

water disposal to local sewer.

Concentrated metal solution
waste will either be
recycled or disposed of
off-site.

No local opposition
during implementation
phase.

NPDES/local sewer discharge
permit required for disposal
of treated wastewater to
local sewer.

Oxidized metal sludge can
be landfilled.

lon exchange will eliminate
further contamination of

and groundwater from standing
water.

Should result in permanent
reduction in public health
threat from surface water and
groundwater.

Chemical precipitation will

eliminate further contamination

of soil and groundwater from
standing water.

Should result in permanent

reduction in public health threat

from surface water and
groundwater.

Sanitech, Inc. will
soi ldonate equipment for
standing water
treatment.

Likely to meet or
exceed metal cleanup
criteria in the
wastewater.

Likely to meet orD&E
exceed metal cleanuplts
criteria in the
wastewater.
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PRESENT WORTH COMPARISON

Alternative Description Present Worth
1 No Removal Action with Site Security $ 351,300
2 Minimal Mitigative Action - with

clearing the site and drainage pathways

and maintenance of the site $1,725,800
3 Hazardous waste handling/waste $4,598,800

material washing
4 In-Situ Vitrification $6,866,400
5 Hydro-Metallurgical Leaching Process $3,254,300
6 Bleaching/Hydroblasting Process

Excluding Chemical Precipitation

and Separation $ 822,200

Excludiong Ion Exchange $1,087,200
7 Ion Exchange $ 705,000
8 Precipitation And Separation $1,021,000
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Table A-1 CHEMICAL ANALYSIS OF SLAG PILE A
NL Industriesa, Pedricktown, New Jersey
(All Unicts in mg/kg)

| HSL | SMO/TAT SAMPLE NUMBER | |
| INORGANICS T U | |
R |51468-01/]51468-02/|51468-03/]5146B-04/]51468-05/|51468-06/|5146B-07/]51468-08/|5146B-09/]51468-10/|5146B-11/)51468-12/ |AVERAGE |
|cas Wo.  |PARMMETER|001SP Jooase  Jooase  |oossP  |oossp |oossp |oo7sp jooese |ooese |o10sP |o11se |or2se | cone. |
|--meenees |-neeeen |--emenee |--emeeeee |-veneeees |-eeeeeeoe |--eneneee |veneeees |--emeeees |-eeneeee |--emeeeee fmmees |-weneeees |--snenees |--eeeeene |
|7429-90-5 jAMluminua | 20800 | 10100 [ #780 | 4740 | 16000 | 2180 | B0 [ 2250 ] 6930 | seso |  seeo | 9920 | mess.3 |
|7440-36-0 |Antimony | 377 | 03 | e1.7 | s29 | 3040 | 2020 | 506 | 644 | 624 | 968 | 553 | 522 |  869.5 |
|7440-38-2 |Arsenic | 633 | 633 | 376 | «27 | 3sso | 927 | s | 1ne | a2 | 565 | 1350 | 886 | 860.4 |
|7440-39-3 |Bariua | 1560 | 661 | 175 | 778 | 1010 | 190 | 209 | 12.8 | w05 | 871 | «89 | st6 |  s18.1 |
{7440-41-7 |Berylliua| 6.6 | 3.2 | 1.5 | 6.9 | 6.5 | a8 | 3.7 | 5.4 | 5.3 | 5.6 | 6.3 | 1.7 | 5.0 |
|7840-43-9 |Cadmiue | 189 | 229 39.5| e0.3 ) 1m | 533 222 | 1) 982 | 3se | 358 | 177 | 1708 |
{7440-70-2 |Calcium | 71ms0 | sea0 | 2500 | 8220 |  ea20 | 3600 | 8s20 | o010 | 1560 | 4000 | 5930 | wso | s1s0.0 |
|7440-47-3 |Chromium | 6s0 | 21 | 51 | 124 | s21 | 241 | 244 | 245 | 265 | ass | 264 | 248 | 279.0 |
|7040-48-4 fcobare | 327 | 263 w1 | 152 | 4.9 | 129 | 268 | 170 | 25.7 | 3.9 | 37| 23| 108 |
|7440-50-8 |Copper | 1950 | 1590 | 30 | 792 | 4550 | sseo | 8590 |  soio | gea | 19520 | 3340 | 909 | 2992.4 |
|7439-89-6 |1ron | 125000 | 72000 | 32800 | 167000 | 130000 | 131000 | 88100 | 143000 | 133000 | 127000 | 144000 | 81400 |114591.7 |
|7439-92-1 |Lead | 37800 | sesoo | 13500 | 47200 | 107000 | 108000 | 193000 | 23800 | 70900 | 52900 | 102000 | 36400 | 70941.7 |
|7439-95-4 |Magnestum] 13500 | 1930 | 1150 | 2630 | 3560 | 612 | 2no0 | 8es | 2020 | 15«0 | 1720 | 1870 | 2840.8 |
|7439-96-5 |Manganese| 923 | ss8 | 152 | 744 | 8ss | 149 | 180 | 262 | 1000 | 883 | 1610 | 588 |  659.7 |
|7439-97-6 |Mexcury | o0.094 | o0.082 | 0.072| o0.069| o0.065| o0.068) o0.0827] o0.075| o071 | o0.092] o0.093| o0.083| 0.1 |
|7440-02-0 |Wickel | n7 | 202 | 8s.8 | 127 | 1070 | 024 | 676 | 352 | 190 | 9 | 436 | 217 | 3846 |
[76440-09-7 |Porassium| 68a00 { 23800 | 26350 | 8s3o | 29500 | 33230 | se000 | 47100 | 5370 | 20700 [ 20600 | 39600 | 31438.3 |
|7782-49-2 |Seleniua | 2.4 | 1.4 o092 1| 1.+ o.98 | 1 1] o83| o9 | 09| 0.97] 1.2 |
|7480-22-4 |Silver | 2.1 | 2.5 | 2.1 | 3.1 5.2 | 3.4 8.3 | 7 2 | 2.5 | 2.4 | 2.1 | 1.6 |
|7440-23-5 |Sodium | 67500 | 28200 | 2370 | 11000 | 30800 | 55500 | s9t00 | <8600 | 3s60 | 22000 | 23100 | 0800 | 32735.8 |
|7440-28-0 |Thailiua | 3.7| o.9a| o0.92| 1.4 | 29| o.98 | 1.5 | 2. | 0.83 | 1.6 | 1.7 | 1| 1.6 |
|7440-62-2 |Vansdtum | a1s | 05| 96.4 | 124 | aas | 5ot | 386 | 485 | 189 | 521 | 653 | 323 | 82.2 |
|7440-66-6 |Zine | 3210  3e90 | 567 | 1s30 | wv60 | 3050 | 6830 | 2330 | 1340 | w480 | w690 | 1720 | m7s.8 |
I Icranide | I I | | | | I I | I I |
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Table A-2 CHEMICAL ANALYSIS OF SLAG PILE B

NL Industries, Pedricktown, New Jersey

(All Units in mg/kg)

| HSL

| INORGANICS

|cas No.

|7429-90-5
|7440-36-0
|7440-38-2
[r440-39-3
|76%0-01-7
|7440-43-9
|7440-70-2
|7440-47-3
|2840-48-4
|7440-50-8
|7439-89-6
|7439-92-1
[7439-95-4
|7439-96-5
|7439-97-6
|7440-02-0
|7440-09-7
|7182-49-2
| r440-22-4
| 7440-23-5
|74¢40-28-0
|7440-62-2
| 7440-66-6

|5246B-137]|5146B-14/]5146B-15/|5146B-16/]5146B-17/|51468-18/|5146B-19/| AVERAGE
jorase

I

I
|PARAMETER |o13sP

[
|Alumtoua | 1010
IAntlmony I 123
lAtsenlc l 223
|Bactum | 11
'l.rylllum I 7.2
|Cadmlum I 22.4
|caletum | 8950
|chromium | 1150
|cobate | 31.5
[Copper | 1350
|1zon | 186000
|Lead | 9600
IH&.ncslum | 319
|H-n‘ln¢s¢ I 64.3
IH.rcury | 0.079
|Mickel | 137
IPot-sslum I 61800
|S¢lenium I 1.1
|stlver | 12
|sedtum | 63100
|Thallium | 1.1
|Van.dlun | 360
|21ne | 1700
|Cynnldc l

262
5420
511
202
3230
68000
252010
13530
‘69
0.069
564
32300
0.98
3
35500
1

295
6980

0135sP

181
4080
70700
198000
2030
411
0.23
635
25200
1

6.72
27700

|o1esp

5320
615
87.8
3.3
137
14100
165
13
7110
81900
128000
3860
358
0.081
539
22800
0.91
6
25500
0.9
jis
8420

|or7sp

50500

331
3960

|o1sse

258
2510
181
300
4240
26900
128000
1380
920
0.23
322
3360
0.63
3.2
5140

oo
4350

Jor9sp | conc.
2580 | 3492.
4350 | 8336

728 | 64
258 | 234
5.6 | 4
51 ] s
6120 | 7230
239 | 381
ne | 15
3180 | 3942,

145000 |103814.
88800 |134401.

951 | 17s8.
227 | 37,
0.76 | 0
352 | 397
33400 | 32622
0.92 | 0
8.3 | 6.
36800 | 3<891
0.9 | 1
t60 | 340
<080 | sar7
I
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Table A-3 CHEMICAL ANALYSIS OF SLAG PILE C
RL Indusctries, Pedricktown, New Jersey
(All Units in mgl/kg)

| HSL | SMO/TAT SAMPLE NUMBER | |
| INORGANICS R e | |
-=-mmmmm e |5146B-20/|5146B-21/|51468-22/|5146B-23/|51468-24/|5146B-25/| AVERAGE |
|cas No.  |PARAMETER |o20sP  |o21sP  |o22sp  |o23sp  |o2asp  |o2ssp | cownc. |

|7429-90-5 |Aluminus | 5620 | 6500 | @200 | 7es0 | s000 | 6110 | 6511.7 |
| 7440-36-0 |Aatimony | 612 | 816 | s00 | 150 | 2730 | 3150 | 1558.0 |
|7440-38-2 |Acsente | 991 | 1050 | 877 | 1190 | 1380 | 1200 | 1114.7 |
|7640-39-3 |Bartum | 1350 | 7242 ] 1650 | 2070 | 2590 | 2270 | 1778.7 |
| 7840-41-7 |Beryilium | 7.1 | W 8.2 | 10 | s.0 | 8 | 7.1 |
|7440-43-9 |Cadmium | e | 162 | 1460 | 227 | 231 | 211 | suw9.0 |
|7440-70-2 |Calctum | 8950 | 6560 | 6980 | 6020 | 6070 | 8140 | 7120.0 |
|7440-47-3 |Chromium | 876 | 32 | asa | 1450 | se1 | sos | 726.3 |
|76440-48-4 |Cobale | 302 | 353 | 964 | 18| 291 ] 325 |  as.2 |
|7440-50-8 |Copper | 1s20 | 1710} <060 | 1790 | 2600 | 2030 | 2266.7 |
|7439-89-6 |Iron | 182000 | 235000 | 203000 | 264000 | 129000 | 208000 |203500.0 |
}7439-92-1 |Lead | 226000 | 85700 | 89100 | 149000 | 160000 | 159000 |144800.0 |
]7439-95-4 [Magnestum | 2540 | 191 | 1850 | 2360 | 1740 | 2590 | 1978.5 |
|7439-96-5 |Manganese | 1360 | 95 | 1600 | 2030 | 979 | 1240 | 1357.3 |
|7439-97-6 |Mercuey | 0.08 | 0.21| o0.089 | 0.09¢ | 0.26 | 0.19 | 0.2 |
|7440-02-0 |Nickel | 8s8 | 656 | 942 | 1190 | 538 | 646 | 805.0 |
|7440-09-7 |Potaastum | 30300 | 31400 | «6300 | 17800 | 41000 | 17300 | 30716.7 |
|7782-49-2 |Selenium | 1.2 | 1.1 | 1.2 | 1.3 | 1.1 ] 1.3 | 1.2 |
|7460-22-5 [S1lver | 1 | 10 | 8.2 | 8.2 | 6.9 | 7.3 | 8.6 |
|7640-23-5 |Sodium | 32000 | 39200 | 48700 | 19700 | 43300 | 20%00 | 33883.3 |
|7640-28-0 |Thallium | 2.7 | 11| 1.3 | 1.3 | 1.1 | 1.3 | 1.5 |
[7440-62-2 |Vanadium | 900 | 1270 | 1300 | 1630 | 101 | 569 | 1061.7 |
|7440-66-6 |zine | 1390 | 1620 | 4850 | 1270 | 4130 | s680 | 3156.7 |

I | | I ! I | I

| |Cynnldo
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Table A-4 CHEMICAL ANALYSIS OF SLAG PILE D
NL Industries, Pedricktown, New Jersey
(All Units in mg/kg)

| HSL | SMO/TAT SAMPLE NUMBER | |
|  INORGANICS R e L L L e R LR L e P PP PP E P LR PP RN | |
| |5146B-26/}5146B-27/|5146B-28/|5146B-29/|5146B-30/|5146B-31/| AVERAGE |
|cas No.  |PARAMETER |o26sp  |o27sp  |o2esp  |o29se  Josose  Josase | conc. |

|7429-90-5 |Atuminum | 7370 | 6060 | 2760 | sseo | 4950 | 2370 | ss65.0 |
|72440-36-0 JAntimony | 2100 | 547 | 689 | «r.4 | 87.2 | 626 | 682.8 |
|7440-38-2 |Acsentc | 2790 | 2900 | 2910 | 334 | 178 | 1940 | 1842.0 |
|7440-39-3 |Bartum | 2780 | 2520 | 2930 | 01 | 367 | 1120 | 1669.7 |
|7440-41-7 |Becylltum | 9.3 | s.e | 2.9 | 2.5 | 1.2 | 1.3 | 3.8 |
|7440-43-9 |Cadmium | se9 | g | 308 | 64.5 | 58.5 | «2.4 | 236.1 |
|7640-70-2 |Calerum | 6170 | 14100 | 11200 | 030 | 4270 | 12200 | 8995.0 |
7440-47-3 |Chromtua | 1280 | 873 | 8«0 | 218 | 254 | 7240 | 1784.2 |
|7440-48-4 |Cobale |  72.6 | 103 ] 26,6 |  1e1 | 8.a | 1.2 | 39.9 |
|7440-50-8 |Copper | 2730 | 1830 | 3090 | a4 | 00 | 716 | 1541.3 |
|7439-89-6 |Iren | 254000 | 163000 | 10000 | «7900 | 36500 | 38900 | 92050.0 |
|7439-92-1 |Lead | 63500 | 65200 | 50000 | 17400 | B9s0o | 151000 | s9341.7 |
[7639-95-4 |Magnesium | 2130 | 1390 | 1060 | 2580 | 834 | 10100 | 3015.7 |
|7439-96-3 |Manganase | 1640 | 1400 | 818 | 237 | 132 | w72 | ®6.5 |
|7439-97-6 |Mercucy | 0.095 | o.n | 016 | o009« | o0.078] o0.072 | 0.1 |
|7440-02-0 |Nickel | 1840 | 2620 | s | 145 | 1z | 490 |  942.0 |
{7440-09-7 |Potasstium | 19100 | 34200 | 35700 | 6530 | 11200 | 63700 | 28438.3 |
|7782-49-2 |Selentum | 1.2 | 1.2 | 1.5 o088} o8| 0.95] 1.1 |
|7440-22-4 |Sitver | 7.4 | 12 | 5.1 | 3. | 2.4 | 15 | 7.5 |
|7440-23-5 |Sodium | 52000 | 35200 | 38700 | 5930 | 12400 | 63900 | 34688.3 |
|7440-28-0 |Thallium | 1.2 | 1.2 | 1.5 | 0.88 | 0.81 | 0.95 | 1.1 |
|7440-62-2 |vanadium | 554 | 83 | 235 | 120 | 17 | 197 | 268.0 |
J7440-66-6 |Zinc | 7430 | «670 | 4780 | 182 | 993 | 696 | 13225.2 |

| I I I | | I (

I leanldc
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Table A-5 CBEMICAL ANALYSIS OF LEAD OXIDE PILE
NL Industries, Pedricktown, New Jersey
(ALl Units in mg/ks)

| BSL |  SMO/TAT SAMPLE NMBER |
| INORGANICS | |
J--emmmm el |5146B-327]5146B-337|5146B-34/] AVERAGE
JcAS No.  |PARAMETER |o32sP Jossse  |osasp | conc.
|=eneeees |-omeeenes |-eenenes |-eeneeees |--eeeeee- |=mae-
|7429-90-5 |Aluminua | 1210 | 575 | ars | 886
|7440-36-0 |Ancimony | 1490 | 2790 | 1920 | 2067
|7440-38-2 |Arsenic | 293 | 525 | 614 | W
|7440-39-3 [Bactum | 220 | 153 | 10 | 128
|7440-41-7 |Besryllium | 0.55 ] o0.64 | 0.65 | 1
|7440-43-9 |Cadmiva | 650 | 208 | 388 | 414
|7640-70-2 |Caletum | s1s0 | 1sso | 2350 | 2350
|7440-47-3 |Chromium | 146 | 151 | 140 | 146
|7440-48-4 |Cobalr | 5.7 | N 9.8 | 7
J1440-50-0 |Copper | 132 | 62 | 674 | 423
|7439-89-6 |Icon | 14900 | 10500 | 28300 | 17900
|7439-92-1 |Lead | 437000 | 361000 | 101000 | 299667
[7439-95-4 |Magnestiua | 1020 | 253 | 429 | 567
[7439-96-5 |Manganese | 188 | e0.1 | 210 | 153
}7439-97-6 {Mercury | 1.6 | 1| 1.5 | 1
| 7440-02-0 |Nickel | 138 | 191 | 342 | 224
]7440-09-7 |Potasstum | 11200 | 36000 | s4800 | 30667
|2782-49-2 |Selentum | 0.73| o0.86 | 0.8 | 1
|7640-22-4 |Silver | 2.7 | 8.3 | 8.9 | 7
[7440-23-5 |Sodtum | 12800 | 37300 | 48600 | 32900
7440-28-0 |Thallium | 0.8 | 086 | . o0.84| 1
|7440-62-2 |Vanedium | 17.3 | 9.4 | 1 | 14
|7440-66-6 |21nc | YT | 946 | 1430 | 953
| | | |

| |Cyan|d-
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Table A-6 CHEMICAL ANALYSIS OF OTHER WASTE AREA SAMPLES
NL Industries, Pedricktwon, New Jersey
(All Units in mg/kg)

HSL |
INORGARICS [ mmmmm e oo Lol

-------------------- |3146B-577|51468-58/|5146B-59/]5146B-60/|5146B-61/|5146B-62/)5146B-63/]|51468-64/|5146B-65/]5146B-667|5146B-67/]5146B-68/|51468-69/]

| cas No. |PARAMETER|O57K [osex |ossx |o6ox |os1x Jos2x Josax Josax joesk |osex Josix |ossK |os9x |
|-reemeees |--eeeeeee |-eaeenees |-eeenes |-eeeeeees |-meeeeee |--eeenees |--eneeeee f-eeneeees Joeneeeee |--eoeee- |-eeees |-cemeeeee |ceeeees Jwaneeen !
|7429-90-5 |Alumtnua | 2120 | 1890 | 15.4 | 126 | 282 | m | w19 | 17.9 | 3290 | 64.7 | 630 | 2810 | 174 |
|7440-36-0 |Antimony | 6140 | 1.6 188 | 1740 ] 157 | 6.4 | 1610 | 202 | 3s.e | 362 | 237 | 1.2 | 7.9 |
|7440-38-2 |Arsentc | 2210 | 32| 39| ass | 813 | sr.a | 2270 | 63.7 | 6. | 0.8 | s.e | si1.e| 5.6 |
|7640-39-3 |Barium | w02 | 12.9 | 1.1 | 10 | 20.8 | 0.15 | 335 | 11000 | 1460 | 5910 | 3ss | 94.5 | a2 |
|7440-41-7 |Bezylliua| o0.97 | 9.9| o011 | o0.51|] o.38| o.05 | 11.s | o0.s6 | 1.9] o.s8| 0.5 | 0.9 ] o.69|
]7440-43-9 |Cadmtum | 11300 | 28.4 | 2.4 | 204 | 218 | 310 |  82.5 | 2| 167 ] o.97 | 3.5 ] 10.4 | )

|7440-70-2 |Calotum | 1830 | 4090 | 13 | 214 | 16|  s0.4 | 2040 | 266 | 1360 | 278 | 249 | 1650 | 813 |
[7440-47-3 |cChromtum | 38,9 | 32,6 | o0.95| 218 18.4 | 2.5} 1390 | “.5 | 878 | 2.1 | 7.5 s | 8.8 |
|7440-48-4 |Cobale | 6| 1.7| o.07] 3.4 996 0.3 | 33| 3.7 139 3.9 | s | 6.4 | “.6 |
|7440-50-8 |Copper | 293 | 16.6 | 2.1 | 456 | 816 | 25.6 | 1360 | 90.8 | 88.4 | 1.3 | 334 168 |  23.8 |
|7439-89-6 |1ron | 29300 | 281000 | 1| 9120 2690 | 1420 | 335000 | €570 |  s1100 | 19 | s700 | 26100 | 10700 |
|7439-92-1 |[Lead | 3s3000 | 1890 | 531 | 6o0so00 | 552000 | ss6 | 63100 | 414000 | 263000 | 344000 | 309000 | 309000 | 512000 |
|7439-95-4 |Magnestum| 604 | 2090 | 1.5 | 170 | 188 | 114 | 218 | 186 | e | 259 | 268 | 3420 | 00 |
|7439-96-5 [Manganese| 130 | 216 | o.96 | 86.4 | 23 | 8.3 | 2160 | 46.5 | 369 | w8 | 11.2 ne | 5.3
|7439-97-6 |Mercury | 1.9| o.0a6| o0.03a| o0.19| oc.081 | 1.7 | 07] o0« | 0.24] o0.063] ©0.9| o.089]| o.068 |
|7440-02-0 |Hickel | 203 | as | 1.4 | 9.5 | 1990 | 3.9 | 3240 | 240 | w68 | 7.7 | 7.5 | 3.9 | 9.2 |
|7440-09-7 |Potassium| 66000 | 2490 | 572 | w9 | 2000 | 1850 | 2700 | 1150 | 180 | 223 | 215 | 1130 | ns |
|7782-49-2 |Selentum | s| o0.49] o.087 | s | ss| o021 5.5 | s | a7 | s | 6.2 | 5.3 | s.9 |
|7440-22-4 |Stlver | 1.9 | 2.7 02| 14 | 3.6 | 2| 9.1 | 3.9 | 21 | 2.9 | 6.7 | 8.4 | ‘.6 |
|7440-23-5 |Sodtus | 11900 | 3220 | 602 | 782 | 1900 | 1940 | 2860 | 1270 | 225 | 263 | 247 | 7000 | 122 |
|7440-28-0 |Thallium | 1.1 o.18] o0.03 | o8| o.17| 21| o.e7 ] 0.7 | 0.76 | o8] o0.99| o8s| 0.9 |
|7440-62-2 |Vanadium | 3.1 | 20| o.a1 | | 7.7 | 1.6 | 133 | «.3 | 17.1 | 3.9 | 5 | 30.8 | 4.6 |
|7440-66-6 |Zine | 9130 | es.a | es.e | 328 | 163 | 110 | 159 | 60.3 | 157 | «2.3 | 296 | 69600 | 55.4 |
| Icyantde | I | | | | I | I I I | I I

(Conti.----)
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Table A-6 CHEMICAL ANALYSIS OF OTHER WASTE AREA SAMPLES

NL Industries, Pedricktwon, NHew Jersey

(All Units in mg/kg)

| HSL | SMO/TAT SAMPLE NOMBER

|  1NORGANICS | - o e e e e e e
J--mmmm e ] 3146B-707)5246B-71/)5146B-72/]35146B--737]3146B-747|5140b-75/]5146B-70/]5166B-77/|5146B-78/|5146B-791|5146B-80/|51468-81/|
| cAs No. |PARAMETER| 070K Jorik Jo72x fo73k jorex Jorsk jorex o7k Jorex orex |osoK o1k |
[--nmeeeee- [ [-ommeees |=mnenes |-eeeeeee |-=neee- [--eeee- [-=emmees [-oneee [-omenes [-mmee femeeee |--eeeeee |wemnees |
|7¢29-90-3 |Aluminue | s8s0 | 6730 | 695 | 122 | 1300 | 1790 | 502 | 2050 ] 2580 | 16000 | 2110 |  9so0 |
|7¢40-36-0 |Ant1imony | s26 | 10700 | 72200 | 649 | 11s | 3730 | «00 | 32| sse0 | 10%0 | 6120 | 8s6 |
|7540-38-2 [Arsentc | 138 | n | 126 | s | 189 | 1340 | 6s9 | 2180 | 2980 | 23.5 | 1900 f 1390 |
|7440-39-3 |Bariua | 1160 | 9.6 ) 1880 ] 374 | w280 | 12 | 9 | 201 | 216 | 1. ) 1030 | 1890 |
|7440-41-7 |Beryllium| 0.66 | 0.82 | 0.62 | 0.66 | 0.61 | 1.5 | 0.6 | 0.8 | 1.6 | 1.2 | 0y | 8.1 |
[7640-43-9 [Cadmtum | 26.1 | 186 [ 0.1 | 205 sea | 247 | 246 | 537 | 127 a7 | sen | 559 |
)7440-70-2 |Caletum | 2340 )] 6180 )] 160 ] 2930 ) 2330 ) 2650 ] 3220 ] 3ss0 | 7160 | 12300 | 2810 | 11200 |
|7440-47-3 |Chroatum | 81.9 | 9| 62| 166| 1.6l 21| 1.2 162 | 120 | 7.8 | 676 | 1200 |
|7440-48-4 |Cobalr | n.2 | s “.2 | o | “a | 183 | 10 | 12.5 | 8.7 | 0.9 | 63|  waz|
}7440-30-8 |copper | 243 | 1610 | 235 | 204 | 206 | 7380 | 3280 | 1650 | 929 | 13300 | 2620 | 1920 |
|7439-89-6 |1ron | 18000 | 18700 | 20800 | 4620 | 13200 | 46200 | ssao | 30200 | 48300 | 4«&900 | 1s0000 | 237000 |
|7439-92-1 |Lead | ®osoo | 127000 | <71000 | 479000 | <15000 | 116000 | 129000 | 363000 | 289000 | 391000 | 114000 | 27600 |
[7639-95-4 |Hagnesiua| 1300 | 765 | 1 | 3200 | 1630 | M| 1s30 | 589 | 627 | 1230 ] 1700 | 1650 |
|7439-96-5 |Mangsnese| 138 | 141 | 103 | 25.4 | 20 | 156 | w906 | 175 | s | 181 | 1080 | 1680 |
|7439-97-6 |Hareury | 0.54| o.26| o.s1| oo0e8| o0.27f o.06s]| 0.13| 1.6 | 0.9 | 0.9 | 0.11 | 0.1 |
[7440-02-0 |Nickel | 29.1 | 162 | 137 | s.8 | 18.8] s18 | 66 | 1490 | sor | 360 | 167 | 192 |
|7440-09-7 |Potassium| Y| 400 | 307 | 1450 | 2740 | %8 | 3790 | 365 | ase | 105 | 1460 | 1440 |
|2782-49-2 |Selentua | 5.3 | W 5.2 | 5.5 | 5.3 | 5.8 | ©.5 | 5.5 | 5.6 | 5.3 | 066 ] 0.99 |
j7440-22-4 |S1lver | 2.8 | 3.1 | 9.6 | 134 | 6.3 | 9.0 | 17| 2 | 19| 16| 2.9 | 2.9 |
|7440-23-5 |Sediua | 246 | 36200 | 1930 | 20100 | 9sr0 | 12000 | 7670 | 6350 [ 8300 [ 1260 | 53900 [ 48000 |
|7440-28-0 |Thalllua | oss | o0.712] 2] o8| .8 | 2.1 ) 3.6 | 7.4 | 1.8 | “9 | s ) 1.6 |
[7440-62-2 |Vansdium | s1.5 | s2.a | 8.7 | vt ] 1004 | 269 | 16| 3ea | 289 s s70 | s04 |
|7440-66-6 |2tnc | a11 | 160 | 990 | 157 | 8.9 | 4930 | 1os00 | 10400 | 2100 | 6390 | 4890 | 3630 |
l lemldc l l l l l l ' l l l l l l

(Conti.--=--)
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Table A-6 CHEMICAL ANALYSIS OF OTHER WASTE AREA SAMPLES
NL Industries, Pedricktwon, New Jersey
(All Units in mg/kg)

| HSL | SMO/TAT SAMPLE NUMBER

|  INORGANICS | mmmm e m e e e e e e e
R i | 51468-82/|51468-83/|5146B-84/]5146B-85/|51468-86/|5146B-87/|5146B-88/|5146B-89/]5146B-90/5146B-91/|5146B-92/]|5146B-93/|5146B-94/|
| cas No. |PARAMETER| 082K |os3x |osax |oasx josex josx |casx |osoK Jogox lo91x o9zx |o93k |o9ax |
|-=mneeee R | wemeenes |--emeeees fmmeeees |-meeee- |--eeeees |--onees |--eees |- - LR D R . |
|7429-90-5 |Alustnum | s210 | s3s0 | 1o | ass | 774 | 11900 | 8390 | 24 | 389 | 398 | 1200 | 1770 | 2110 |
|7440-36-0 |Ancimony | 69 | 28.1 | 2680 | 7770 | 38200 | 594000 | 6070 | 13600 | 1:000 | 2580 | w070 | 629 | 89.4 |
|7a40-38-2 |Acsenic | 22| mnr| 180 | s9s | 1690 | 2.6 | 1s10] w0 | 3260 | 4170 | 6420 | 1840 | 0 |
|7440-39-3 |Barium | 893 | 21.4 | 13.9 | 56.5 | 760 | 10 | 25.4 | 1050 | 1260 | 423 | 563 | 146 | 2s.2 |
|7640-41-7 |Beryllium| 6.7 | 8.2 | 5.7 | 10| o.61 | 0.67 | 0.66 | o0.92 | 1.9 | 0.72 | 2.1 | 1.5 | 1|
| 7440-43-9 |Cadmium | s6s | 211 | 225 | «5.7 | 473 | 1.1 | 89.4 | 21.6 | 27.1 | 766 | 235 | 287 | 88.s |
|2440-70-2 {Calcium | 9320 | 10900 | 3730 | 170 | 1290 | 1270 | s | 952 | 1380 | 1250 | 2580 | 20300 | 146000 |
| 7440-47-3 |Chromtum | s62 | 1020 | 23 | 586 | 126 | 20000 | 13 | 1.9 | e | 31.2 | 103 | 1n2| ss.s |
|7440-48-4 |Cobalr | 8.5 2601 ] 214 | n | 9.1 | 169 ] «z2.9] 6.6 | 8.6 | 0 | 12 | 8.2 | 6.8 |
|7440-50-8 |Copper | 1060 | 2870 | 955 | 887 | 1450 | 16.2 | 1240 | <830 | 3680 | 994 | 2660 | 1770 | 28.1 |
|7439-89-6 |Iron | 192000 | 138000 | 172000 | 218000 | 10500 | 12700 | 13400 | 36100 | 60600 | 27100 | 67200 | s0s00 | 15100 |
|7439-92-1 |Lasd | 30100 | 43400 | 169000 | 161000 | 364000 | 1500 | 104000 | 293000 | 404000 | 187000 | 289000 | 314000 | 6230 |
|7439-95-4 |Magnestua| 2180 | 2620 | 893 | 170 | 303 | 13900 | 265 | 180 | 220 | 298 | 780 | 1220 | 2330 |
|7439-96-5 |Manganess| 1380 | 1150 | 1230 | 1750 | 88.7 | 150 | 87.2 | 125 | 200 | 931 | 263 | 281 | 9a.6 |
|7439-97-6 |Mercury | 0.077 | 01 ] oon| o.on | 1..| o.067| o0.08| o0.055]| o0.05 | o.o8 | o.086 | w1 0.2 |
[7480-02-0 |Nicket | 4«80 | 399 | 673 | wss | 174 | 235 | 626 | a7 | s24 | 160 | s70 | 212 | 18.3
|7440-09-7 |Potassium| 1290 | 20850 | 2180 | 108 | 180 | u2 | 901 | 106 | 1027 | uso | 1430 | 841 | 162
|7782-49-2 |Seleniua | 9.s| o0.76| o0.52 | «.8 | s.s| 0.5z 5.6 | 5.3 | 5.4 | 1| 5.9 | s.o |  o.81 |
|7440-22-4 |Stlver | 2.4 | 3.3 | 2.2 | 3.3 | 2 | 95 | 5.9 | 7.3 | 3.7 ) 2.4 | 2.9 | 8.4 | 3.4 |
|7440-23-5 |Sodtum | 63000 | ss700 | 42600 | 319 | w150 | 3700 | 17100 | wy | «s8 | 61.9 | 11300 | 10100 | 2210 |
|7440-28-0 |Thallium | 0.94 | 1.2 | 0.83 | 0.73] o.86 | 0.83 | 0.9 | 0.89 | 0.86 | 0.96 | 0.94 | 0.94 | 1.3 |
|7440-62-2 |Vanadium | 22 | 783 | 55.8 | 64.5 | 127 | 124 | 7.4 | 7| 9.7 | 4«7 | 122 | 380 | 8.5
|7440-66-6 |21nc | 2490 | 3860 | 1120 | 341 | 6630 | sz2.8 | 1190 | 1240 | 1060 | 1o | 9100 | 2740 | s86 |
| |cyanide | | | I I I | I I I I I I I

(Conti.--~--)
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Table A-6 CHEMICAL ANALYSIS OF OTHER WASTE AREA SAMPLES
NL Industries, Pedricktwon, New Jersey
(All Unics in mg/ksg)

| BsL I SMO/TAT SAMPLE NUMBER

|  1nORGANICS | 7 mmm e e e e e e e e
R ]51468-95/]5146B-96/]51468-97/|51468-98/]51468-99/]51468-100/]5146B-101/]51468-102/]51468-103/]5246B-104/]|5146B-105/|
| cas No. |PARAMETER|o095K Josex o9k lo9sx 11123 100K j101x 1102x jro3x jr0ax jrosk |
|mmneeees |--nemeeee frommeeees Jrmmmeees . Jmemeees |-memeens [--eneeeees |mmeenes oo [-mmee e fmemnenne fomeeeeeee |
|7829-90-5 |Aluminus | 855 | 1120 | 1730 | 1se0 | 7139 | 5.3 | «9.1 | 380 | an | 9130 | 1500 |
{7440-36-0 |Antimony | 1870 | 1140 | 7640 | s920 |  95.1 | 53.7 | 9 | 1.3 | s030 | 3380 | 226 |
|7440-38-2 |Acsente | 1140 | 03| 1no |  soso | 6.2 | 10 | 1.6 | «.¢ | 38000 | 170 | 108 |
|7450-39-3 |Bartum | wo | s | 1o | 12 ] 31| na | 10 | u | 153 | 205 | 61.7 |
|7640-41-7 |Baryllium| 0.67 | o0.91 | 10 | 36| 138 0.8¢ | 0.61 | 14.9 | 2.4 | 6.4 | 9.5
|7440-43-9 |Cadmium | 31?7 | s22 | 337 | s96 |  67.2 | 20.5 | 4.6 | sh.s | 1920 | 692 | 147 |
|7440-70-2 |calctum | 2720 | 2310 | 74 | 622 | 1220 | 280 | 200 | 1220 | 2050 | 38so | ¢3s0 |
|7440-47-3 |Chromium |  45.5 | 128 | 280 | 329 | 2100 | 827 | 1.9 | 2040 | 246 | ws | 203 |
|7640-48-4 |cobalr | 16| 3w ] n.aj sa | | 5.6 | 0 | 60.2 | 39.4 | n.e | 30 |
j7040-50-8 |Copper | sa2 | 892 | .9 a2 | 962 | 33.1 | 5.9 | 1070 | 856 | 15¢0 | 14900 |
7439-89-6 {Iron | 21300 | 3eso0 | 256000 | 107000 | 342000 | 12600 | 130 | 349000 | 69700 | 169000 | 255000 |
|7439-92-1 |Lead | 264000 | 122000 | 3100 | 154000 | 3830 | 2020 | 1220 | 2560 | 186000 | 124000 | 16900 |
{7439-95-4 |Magnesiual| 602 | 824 | 25 | 62 | ne | 200 | 200 | sst | se1 | 30 | 166 |
[7439-96-5 |Manganese| 113 | 199 | 1150 | i | 3050 | 82.6 | 1.1 | 3290 | 344 | 834 | 1840 |
|7439-97-6 |Mexcury | 0.66 | 0.5 | 13.7 | 6 | 0.13 | 0.098 | 0.065 | o.on | 1.2 | 1.3 | 0.07
|7840-02-0 |Nickel | 384 | 202 | 14 | 132 | 3010 | 29.8 | 123 | 1780 | 279 | 3re | 233

| 7440-09-7 |Potassium| 526 | 556 | n7 | 39 | 1480 | 339 ) 101 | 21 | 523 | 548 | 955 |
|7782-49-2 |Selentua | 0.56 | 0.43 | 048] o.51} 0.51 | 0.69 | 0.51 | 0.53 | 5.4 | 9.9 | 4.5 |
|7640-22-4 |stlver | 2.2 | 3| 2 | 2 | 3.8 | 2.8 | 2 | 2 | 3.0 | 3.7 | 3.5
J7440-23-5 |Sodium | 1aa00 | 43400 | 662 | 1110 | 13200 | e9n00 | se8 | 8840 | 14400 | 1760 | 1320 |
|7440-28-0 |Thalliua | 0.89 | 0.68 | 0.77 | 1.2 | 0.2 | 1.1 | 0.81 | 0.8s | 0.86 | 1.6 | 0.72 |
|7640-62-2 |Vanadium | 31.1 | 10.1 | ass | 170 | 72.4 | 7 | 452 | 9¢.9 | 82 | 147 | 39.7 |
|1440-66-6 |Ztne | 1100 | 0.8 | 439 | 1090 | 179 | 120 | 25 | 138 | 2460 | 5460 | 1100 |
| |cyanide | | | I | [ | | | | | I




1@ Q7N

=~{=R 14"

Table A-6 CHEMICAL ANALYSIS OF OTHER WASTE AREA SAMPLES
NL Industries, Pedricktwon, New Jersey
(All Units in mg/kg)

| AsL | SMO/TAT SAMPLE NUMBER | |
|  1NoRGANICS oo e e | |
| EEEEE SR EEP T PR }5146B-106/|51468-107/]3146B-108/|5146B-109/] AVERAGE |
| cas Mo. |PARAMETER|106K {107x |108x |109x | conc. |
|--ememnes e |-nemeens |--memeees |--omneeees |--omemee- RN !
|7429-90-5 |Alumtnua | 2290 | 526 | 69.4 | 2850 | 2405.6 |
]7440-26-0 |Ancimony | 2950 | 8490 | 15.1 | 25200 |16216.24 |
|7840-38-2 [Acsantc | 2712 | a67 | 157 | 2790 |1905.566 |
|7440-39-3 |Bactum | 298 | 1n | 16 | 40 |715.4783 |
|7440-41-7 |Becylitum| s.7 | 0.56 | 0.84 | 2.3 |3.020037 |
|7420-43-9 |Codmiua | 127 | 153 | 9.3 | as0 j415.8145 |
|7440-70-2 |Caletua | 967 | 294 | 280 | 2792 |5559.724 |
}7440-47-3 |Chromiua | 631 | az2.4 | 68.3 | 99.1 |671.0933 |
|7440-48-4 |Cobalr | 30.2 | 1.8 | 5.6 | 12 |28.34037 |
|7440-30-8 |Copper | 833 | 170 | 13.5 | 1780 |1375.881 |
|72439-89-6 [1ron | 183000 | 9670 | 14300 | 74300 |81460.37 |
[7439-92-1 |Lead | 78700 | 227000 | 4230 | 292000 |200929.9 |
|7439-95-4 |Magnesium| 17 | 1ss | 280 | 297 |1114.564 |
]7439-96-5 |Manganese] 1820 | 7.9 | 62.4 | 460 }3526.8501 |
7439-97-6 |Hercury | 2.2 | 6.7 | 0.11 | 0.31 |2.105226 |
|7640-02-0 |Nickel | 1090 | 143 | 8.4 | 2830 |606.1698 |
|7640-09-7 |Potassiun]| 140 | na | 795 | 2540 |2140.3584 |
|7782-49-2 |Selentunm | 2.1 | 0.56 | 29.3 | 5.2 |4.883528 |
|7440-22-4 |Stlver | 3| 1.9 | 2.8 | 1.9 |2.055094 |
|7440-23-5 |Sodium | ss9 | 188 | 52100 | 15100 |13022.37

|7440-28-0 |Thalilum | 0.92 | 0.89 | 1.3 | 0.83 |1.41892¢ |
17440-62-2 |Vanadium | 60.2 | 12.6 | N 12.8 j1io.1n |
}7440-66-6 |2inc { 1240 | se7 | sz.8 | 14200 |3732.777 |
| fcyantde | I I | I I
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Table A-7 CHEMICAL ANALYSIS OF WIPE SAMPLES
NL Industries, Pedricktown, New Jersey
(All Units in mg/kg)

| BSL | SMO/TAT SAMPLE NUMBER

| INORGANICS Jmmm e e
R {s1a68-357]51468-36/|51468-37/|51468-38/|5146B-39/}S1468-40/|5146B-41/]5146B-42/|51468-437]5106B-4s1]
|cAs No. |PARAMETER|03SW osew |osru |ossw |o3sw |osow Josru Jos2w |oasu |ossw |
|--eeeeeee femmeneee |-=enemeee |-weneneee J--meneees [--eeeeee |--oeneese |--eeoees |--eeeees Jmeeeeees |--eeeeee |-reeeeees |
| 7429-90-5|Aluminua | 0.024 | 3.9] o0.62| o0.35) o0.28] o0.63] oc.081 | 3.4 o0.69| o0.96 |
|7440-36-0{antimony | 0.co84 | as | 07| os2| o0.36] o.67| 03| 133 o.&3 | o.37 |
|7440-38-2|Azsentc | 0.00097 | o.s8| o0.09¢ | o0.12 ]| o012 | o0.9] o.01 | 1.2 o.05|] o.04 |
|7440-39-3[Bartum | 034 ] 072 | 0.92 0.8 | 0.6 | 1.6} o0.02] o0.07)] o0.45] 0.66
|7440-41-7|Barylltum| 0.00078 | 0.015 | 0.00079 | 0.00077? | 0.00075 | o0.001 | o0.0011 | 0.0014 | 0.0009s | 0.0009s |
|7440-43-9|Cadmtum | 0.0022| o0.38] o0.006| o0.014| 001 | o0.004| o0.01| 0.36] c.0081 | o0.016 |
|7440-70-2)Calcium | 0.24 | 13.6 | 1.3 | 0.5 | 07| o6s| o0.a7| 8.7 | 1.3 | o.82 |
|7440-47-3|Chromtum | 0.0024 | 2.3 | o0.025| o0.049| o0.0038 | o0.058 | o0.0036 | 0.2 | 034 ] o.03s |
|7440-48-4|Cobale | o0.0049 | o0.066 | o.01 | o0.0051 | o0.005| o0.0067 | 0.0072 | o0.034 | o0.0062 | o0.0064 |
|7440-50-8|Copper | o0.023| o0.69| o0.028| o0.02| o0.015| c.0091 | c.c087| o661 | oc.o17| o.04 |
|7439-89-6|1c0n | o.a6 | s | 7.8 | a3 | 8.5 | 1.8 | 1.2 s1.s | 1s.2 | 5.1 |
|7439-92-1|Leed | o.s8 | 26| 8.5} 206] 12.8] 97.8] 6.5 | ss2 |  19.9| 5.7 |
|7439-95-4|Magnestum| 0.24 | s ] os1| o020 o0.28] 0.34] 0.36] 3.2 | 3.2  o0.32]
|7439-96-5|Manganese| 0.0039 | 28| o0.03] o014 | o0.007|} o0.002| o.c098| 0.27| 0.27| o.018 |
|7439-97-6|Mezcury | 0.00041 | 0.000%1 | 0.00051 | 0.00031 | 0.0024 | 0.0003s | 0.00039 | ©0.0012 | o0.0004 | 0.c0025 |
|7440-02-0|Mickel | o0.0087 | 0.76 | 0017 | o0.014 | o0.03|] o0.013} o.014 | 021} o021 | o0.014
|7440-09-7|Potasstua| 0.073 | 5.6 | 2.1 | 1.3 | 1. | 1.2 oo | 1| 1| 1.2 |
|7782-49-2|Selentum | 0.00097 | o0.0012 | oc.001 | o.001 | o.co36 | o0.0013 | oc.o014 | o.0014 | o0.0012 | o.00079 |
|7440-22-4|sS1lver | o0.0024 | 0.013 | 0.0026 | o0.0026 | 0.0025 | 0.0034 | 0.0036 | o0.0a1 | o0.011 ] 0.0032 |
|7440-23-5|Sod1um | 0.3 | 26.5] 154 | 1.9 | 5.4 | 5.7 | 2.1 | 25.8 | 5.5 | 6.3 |
|7a40-28-0{Thallium | 0.00097 | o.0025 | o©0.0010 | o0.001 | o0.001 | o0.0013| o.0024 | o0.0014 | 0.0012 | 0.0013 |
J7440-62-2|Vansdium | 0.0043 | 0.13 | o0.035| o0.033| o.0056 | o.0067 | 00072 | o0.2¢| o204 | o.019 |
|7440-66-6|21ne | 0.0 | 5| o.66 | o4a| o0.3s] o0.37] 119 | | o | o.s3 |
| [cysntde | I | I | I | I I I I
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Table A-7 CHEMICAL ANALYSIS OF WIPE SAMPLES
NL Industries, Pedricktown, New Jersey
(All Units in mg/kg) '

| #SL { SMO/TAT SAMPLE NUMBER 1 |
|  1norcanIcs et | |
J---memmmmmm e |5146B-45/|5146B-46/]5146B-47/]5146B-48/|51468-49/|5146B-50/]|5146B-51/[5146B-52/]5146B-53/|5146B-547]|5146B-55/]5146B-56/| AVERAGE |
jcas wo. |PARAMETER|0asW |oaew Joarw |osaw josow Josou Josiw Josaw |osaw Joseu |ossu fosew | conc. |
|--eeeeee [--oeoees |--meeeens |--eeeeene f-eeeenee- |--emeeee |--mnenee |--ereeene |-wmneneee |--meee |--eeeees |--enenees J-neneeen |-eeenenee [E— |
|7429-90-5|Aluminum |  0.97 |  o0.52 | 63| o0.38]| 0.35| 10.2 | 0.49 | o0.61 | 0.76 | 1.3]  o.er | 327 |3.014772 |
|7440-36-0|Ancimony | s.2 | 11 | 1.3 | 0.26 | o0.19 | | 0.16 | «.5 | 6.8 | 9 | .6 | 56.2 |5.150472 |
|7¢40-38-2|Arsente | 0.52 | 0.13 | 13| oeos| oo01| o087 0.01] ta | 1.6 | 1.8 | 1] 1.4 127021 |
|7440-39-3|Bartu@ | o0.007 | o0.78| o0.014 | o0.67] o0.87| o.017 | 0.84 | 0.7 | 0.61 | o.66) 0.355] o0.017 |o.511454 |
[7440-41-7|Bexyllsum| o©.000 | 0.0012 | o0.03%¢ | o0.00711 | o0.0012 | o0.027 | ©0.0002 | o0.0011 | o0.001 | o.0011 | 0.001 | o0.0064 |0.004942 |
|7480-43-9|Codmium | 0.032 ] o0.022| o0.54 ] o.025| o0.003¢| 0.56| 0.0022 | o.24| 0.18] 0.22]| o011 3.7 |o. 289036 |
|7440-70-2|Calctum | 2.2 | 2.2 |  25.3 1.4 | o0.063 | 221 | 0.66 | 175 | 1.4 | 16.8 | “.6 | 91.2 |9.725136 |
|7440-47-3|Chromtum | o0.097 | o0.022| o0.78 | .6 | o.028 | 1.2 o0.2s| o0.037| o0.31 ] o0.033] o0.019| 0.38 |0o.480127 |
|7440-48-s|Cobale | o0.0088 | o0.0082 | o012 | o.004 | 0.0076 | ©0.11 | o0.0082 | 00076 | 0.0063 | o©0.022| o0.0065 | 0.13 |0.027531 |
}7440-50-8|Copper | 01| o0.063 | 1.5 | 0.1 jo.o157 | 1.7 | 00099 | o067 | 0.92] 1.4 0.9 17 |1.150622 |
| 7439-89-6]Iron | 22.7 | 1.8 | 677 | 193 | 2.7 | 589 | 3.3 | 3.6 | 3.2 | 9.9 | | 154 |100.4481 |
|7439-92-1|Lead | 208 | ne| 87| 202 | 205 1o | 1.e] s37| see| 9r.8| 8.3 s21 | 108.29 |
[7439-95-4|Magnestum] 0.31 [ 0.8 | s 1] 0.3 | 3.9 o041 ] oss| 0.26] o0.s5| o0.46| 9.9 |1.619090 |
|7439-96-5|Manganese| o0.087 | o0.027 | 5.5 | 1.3 Jo.o0sr | s.4] o0.018| oo02s| o0.025| o0.065| o0.027| 1.2 |o.778122 |
|7439-97-6|Mexcury | 0.00039 | 0.00021 | ©0.001 | 0.00027 | 0.00017 | 0.00094 | 0.00025 | 0.00026 | 0.00045 | 0.00037 | ©.0066 | 0.019 |0.001665 |
|7840-02-0lWreked | o0.062 ] o022 ] o0.6a | o0.082 | o0.023 | 0.7 | o1 ] oas| 0.3} oes2] 0.9 5.2 [0.423739 |
|7640-09-7|Potassium|  0.38 | 1.7 | 5.3 | 1.9 | 1.2 | 70 | 1.8 | 1.6 | 11| 2.1 | 1.3 ] s1.s |7.468818 |
|7782-49-2|Selentum | 0.0085 | 0.001 | 0.0069 | 0.00089 | 0.00096 | 0.00083 | ©0.00 | o0.019 | 0.00097 | o0.022 | ©0.0085 | o0.084 |0.007609 |
|7¢40-22-4|S1lver | 0.0034 | o0.0041 | 0.017 | o.015| o0.0038 | o0.018| o0.0041 | o0.0053 | 0.0t | o0.c093 | o0.0051 | 0.37 o.023654 |
|7440-23-5|S0dtum |  28.7 | 9.7 | 337 6.2 | so | 179 6.8 | 5.8 | 65| 13| s.6 | 52.6 |16.11818 |
|7440-28-0|Thalltum | ©0.0014 | ©0.0016 | o0.0011 | o.0014 | 0.0015 | o0.003 | 0.0016 | 0.0015 | 0.0013 | o.0013 | o0.0014 | o0.0017 [0.001437 |
|7440-62-2|vanadium | 0.1 | o.0091 | 0.29 | o0.023 | o0.0076 | 0.35 | o0.0082 | o0.0076 | o©.0069 | o.012 ) o.0082 | 0.24 |0.080190 |

|7440-66-6|2inc | o023 | 053] 7.7 | 5.1 | o0.k2 | ©.9 ] ouas ) 257 | 204 | 1.3 ] 076 | «2.8 |19.40254
| I I I I | I I
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